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Abstract  
 
Spinach (Spinacea oleracea) is a commonly consumed plant with a high nutritional value that is 
rich in antioxidants but also contains high level of oxalates, which are anti-nutritive factors. In 
this present research four different Indian dishes were prepared from spinach: palak, plain palak 
saak, palak saak with ginger and palak paneer. Spices - caraway, cumin, cardamom, cinnamon, 
ginger and Malabathrum leaf - were added following traditional Indian recipes. The samples were 
collected at different stages, raw, boiled saak and saak bhaji, which were uncooked, and cooked 
for 15 and 25 minutes, respectively to determine the levels of total, soluble and insoluble oxalates 
and the antioxidant activities of spinach. High performance liquid chromatography was used to 
measure the total and soluble oxalate contents and an oxygen radical absorption capacity 
(ORAC) assay was used to measure the antioxidant activity of all spinach dishes.   
Initial analysis of the total, soluble and insoluble oxalate contents of the spices showed that the 
total oxalate contents ranged from 194 (nutmeg) to 4014 (cardamom green) mg /100 g DM, while 
the soluble oxalate contents ranged from 41 (nutmeg) to 3977 (cardamom) mg/100 g DM. 
Overall, the percentage soluble oxalate content of the spices ranged from 4.7 to 99.1% of the total 
oxalate content.  
Raw spinach contained mean total oxalate, soluble oxalate and insoluble oxalate of 7.56, 6.42 and 
1.14 g/100 g DM, respectively, with a mean ratio of soluble oxalate to total oxalate of 85%. 
Cooking in a wok resulted in a marginal to 91% reduction in soluble oxalates due to their 
combination with free minerals (e.g. Ca, Fe, Mg) present in the spinach or spices. The greatest 
reduction (91%) of soluble oxalates occurred when paneer (a milk product) was added to the 
palak paneer dish; the proportion of soluble oxalate to total oxalate content was then reduced 
from 74-85% to 20-31%, depending on the cooking time.  
Spices showed ORAC values in the range of 469 (turmeric) to 794 (caraway) µmol TE/g DM. In 
the raw spinach dishes antioxidant activity ranged from 49 to 163 µmol TE/g DM. The 
antioxidant activities of cooked spinach dishes decreased from 9 to 39% depending on the 
ingredients added. Addition of spices showed low to moderate effects on the antioxidant 
activities of the cooked spinach dishes. Antioxidant activity of the palak paneer decreased in the 
range of 67% to 78% with the addition of paneer due to the dilution factor. This study suggested 
that Indian cooking styles can reduce soluble oxalate contents, where the antioxidant activity 
depends on the type of spices added to the dish. 
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Chapter 1 Introduction 
 
1.1. Spinach in Indian Diet 
A typical Indian diet contains a variety of leafy vegetables. Spinach, which is commonly known 
as palak, is an abundant leafy vegetable found in almost every part of India. The number of 
dishes that can be prepared from spinach is countless. Some famous dishes are palak paneer, 
palak kofta, palak paratha, Kashmiri palak, palak alu and palak curry. The way these dishes are 
prepared varies from European cooking techniques (steaming, boiling or frying). In India, 
vegetables are cooked in a wok with the addition of vegetable oil, spices and sometimes milk 
products. The cooking water is not discarded but is evaporated from the dish. The effect of Indian 
cooking on the nutritional and anti-nutritional properties of spinach is unknown.  
1.2. Spinach and its nutritional profile 
Spinach is a rich source of vitamins, iron, calcium and many other nutrients. Like most other 
plants spinach contains a series of powerful antioxidants such as flavonoids, p-coumaric acid, 
carotene and other water-soluble antioxidants, such as ascorbic and folic acids. These 
components can reduce inflammation, necrosis and cardiac damage while increasing superoxide 
dismutase activities. Many biological functions are due to antioxidative effects such as protection 
from mutagenesis, carcinogenesis and aging. The antioxidant system in spinach is very effective 
and capable of preventing lipid peroxidation in the plant as well as in humans (Bergman et al., 
2001). Antioxidants found in plant foods contribute to many important enzyme reactions, 
especially those leading to the synthesis of cholesterol, amino acids and several peptide 
hormones. They can protect cells and tissue against oxidative damage and may also protect 
against gastric cancer (Warning & Schorah, 1998; Aguirre & May, 2008). Most antioxidants in 
spinach are sensitive to denaturation by water, oxygen and heat (Anderson & Sunderland, 2002; 
Bernhardt & Schlich, 2006). The oxygen radical absorption capacity (ORAC) assay is a popular 
method used to measure the overall hydrophilic and lipophilic antioxidant activities of vegetables 
(USDA Database, 2010).   
1.3. Spinach and its anti-nutritional profile   
Published nutritional values show that spinach contains appreciable levels of oxalate, an anti-
nutrient component of human diets (Savage et al., 2000; Morrison & Savage, 2003; Siener et 
al., 2006; Savage & Mårtensson, 2010). Variation in the oxalate content of spinach has been 
reported among different cultivars, with the levels varying depending on the season (Morrison 
& Savage, 2003; Kaminishi & Kita, 2006). Oxalate is a ubiquitous metabolic end product of 
plants and is unwanted in human diets due to its adverse effects on health. While oxalic acid 
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forms water-soluble salts with sodium, potassium and ammonium ions, it forms water-
insoluble salts with calcium, iron and magnesium ions, thus reducing the bioavailability of 
these minerals. High dietary oxalate influences mineral (calcium, iron and magnesium) 
absorption in humans due to the ability of oxalate to form insoluble complexes with divalent 
cations in the gastrointestinal tract. Spinach has a molar ratio of oxalate to calcium of 4.27 
which means it contains no usable calcium and oxalate may also bind to calcium from other 
foods eaten at the same time (Noonan & Savage, 1999). Generally, the soluble oxalate content 
of food but not the insoluble oxalate content, can be affected by cooking. Boiling and soaking 
may reduce the soluble oxalate content of foods (Oscarsson & Savage, 2007) because the 
soluble oxalate that leaches into the water is discarded in European cooking. Addition of extra 
calcium to oxalate rich foods can decrease the soluble oxalate and, hence, reduce the uptake 
of oxalate (Albihn & Savage 2001; Brogren & Savage 2003). The absorption of soluble 
oxalates into the body poses problems as it has no metabolic use in the tissues so must be 
excreted by the kidneys; this can lead to the development of kidney stones. 
 
1.4. Indian spices and herbs    
Spices and herbs are widely used to prepare all kinds of vegetable dishes in India. The main 
purposes of adding them to food are to enhance the colour and flavour of the dish. In addition, 
spices have been shown to contain bioactive compounds (e.g. phenolics and flavonoids) which 
contribute antioxidant, preservative and antimicrobial properties to the dish (Prasad et al., 2004; 
Kamaleeswari et al., 2006; Kim et al., 2006; Ahui et al., 2008). The antioxidant compounds 
present in spices have been shown to protect their biological components, e.g., lipid, protein and 
DNA from oxidative damage (Kitazuru et al., 2004; Su et al., 2007). It is unknown whether 
addition of spices in food preparation can actually increase the total antioxidant activity of the 
cooked dish. A handful of studies (Singh, 1973; Ramasastri, 1983; Tang et al., 2008) have shown 
that spices also contain oxalate, an anti-nutritive factor for human health, so their addition in food 
preparation can be expected to have interesting outcomes.       
 
1.5. Milk and milk products  
Paneer is an acid-coagulated cottage cheese type product prepared by curdling heated milk 
(normally from a cow or buffalo) with lemon juice or food acids. It has a mild acidic, sweet, 
nutty flavour with a firm body and smooth texture (Paril and Gupta, 1987). Paneer is often 
substituted for meat in many vegetarian recipes of Indian cuisine due to its high protein content. 
It is also a good source of calcium. Oscarsson & Savage (2007) and Savage & Mårtensson, 
(2010) reported that addition of extra calcium sources like milk, yoghurt, coconut milk and sour 
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cream can reduce the level of soluble oxalate in foods. In contrast, there are reports (Sánchez-
González et al., 2005; Dupas et al., 2006) for tea and coffee, which indicate that addition of milk 
can have detrimental effects on the antioxidant activity.  
1.6 Objectives of the study 
Little research has been carried out into the effects of various Indian cooking methods on the 
nutritional values of spinach. Without adequate knowledge about the effect of cooking, dietary 
guidelines, particularly for persons concerned with oxalate intake, cannot be established. Since 
spices are sources of oxalates and antioxidants, their addition to spinach dishes may change the 
oxalate and antioxidant contents of the cooked dishes. Previous studies suggest that the addition 
of milk in the form of paneer may also affect the soluble oxalate and antioxidants content.  
 
The objectives of this project were, therefore, to examine the effect of Indian cooking using 
various spices and paneer on the nutritional properties of several spinach dishes. 
 
The outline of the report of this project is as follows: 
 Literature review of oxalates and antioxidants (Chapter 2) 
 Investigation of the oxalate contents of some Indian spices (Chapter 3) 
 Changes in oxalate contents of cooked spinach dishes (Chapter 4)    
 Antioxidant content of some Indian spices and spinach dishes cooked in an Indian style 
(Chapter 5)    
 General discussions and recommendations  
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Chapter 2 Review of the Literature 
2.1. Oxalate: An antinutritional component of foods 
2.1.1. Oxalic acid and its salts  
Oxalic acid and its salts (oxalates) are produced as end products of metabolism in a variety of 
plants. Oxalic acid forms water-soluble salts with sodium, potassium and ammonium ions, and 
insoluble salts with calcium, iron and magnesium ions (Noonan & Savage, 1999). The soluble 
fraction of oxalate is extracted from foods using hot water (80
o
C) and the total (soluble and 
insoluble) fraction is extracted using hot acid (e.g. 2M HCl, 80
o
C). The level of insoluble oxalate 
is determined by subtracting the soluble oxalate from the total oxalate content (Holloway et al., 
1989; Savage, 2002). After consumption, insoluble oxalates are excreted through the faeces, 
whereas soluble oxalates can bind to calcium and other minerals under acidic conditions in the 
intestinal lumen, making these minerals unavailable for absorption. Studies have indicated that 
after ingestion of food, only 2-12% of total oxalate is absorbed and around 20-50% of this 
oxalate is excreted in the urine, depending on the type of diet (Noonan & Savage, 1999; Radek & 
Savage, 2008).  
 
2.1.2 Major dietary sources of oxalates 
A number of foods contain high level of oxalates including spinach, rhubarb, beets, nuts, 
chocolate, wheat bran, black tea and strawberries (Charrier et al., 2002; Brogren & Savage, 2003; 
Savage et al., 2003). Oxalic acid levels are higher in plants than in meat and dairy products, 
which can be considered as oxalate–free when planning a low oxalate diet. Except for the diet of 
vegetarians and vegans, oxalate-rich foods are normally minor components in an omnivorous 
human diet (Noonan & Savage, 1999). The molar ratio of oxalate to calcium is important in 
determining the bioavailability of calcium and possible adverse effects from oxalate in humans. 
This ratio varies widely. Noonan & Savage, (1999) classified oxalate containing foods into three 
major groups on the basis of oxalate/calcium ratio: in ‘Group 1’ the ratio of oxalate to calcium is 
greater than two, in ‘Group 2’ it is in the range of 1.0 to 2.0 and in ‘Group 3’ it is less than one. 
They indicated that foods in ‘Group 1’ contained no utilisable calcium and soluble oxalate in the 
foods and could even bind the calcium in other foods eaten at the same time due to the presence 
of excess oxalate in them. Whereas, the foods in ‘Group 3’ that have a low ratio of oxalate to 
calcium are thought not to have a major effect on calcium availability. The bioavailability of 
oxalate plays an important role in determining whether a food is a high risk for individuals with 
hyperoxaluria (Savage et al., 2003). Spinach, with a high oxalate to calcium ratio of 4.27, 
belongs to ‘Group 1’ and is thought to have a major effect on calcium bioavailability.  
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In general, the concentration of oxalates varies widely in plants. Some cultivars of spinach 
contain oxalate in the range of 700-900 mg/100 g fresh weight (FW) (Brogren & Savage, 2003; 
Morrison & Savage, 2003), while other cultivars can have around 1700 mg/100 g FW (Savage et al., 
2000) (Appendix 1).  
2.1.3. Biosynthesis of oxalates in plants   
Oxalate is considered as an end-product of ascorbic and tartaric acid metabolism. Several 
pathways have been described for oxalate biosynthesis, but there are two main pathways (Noonan 
& Savage, 1999; Debolt et al., 2007). In the major pathway oxalate is formed from L-ascorbic 
acid and this leads to calcium oxalate crystal formation in plants (Libert & Franceschi, 1987; 
Kostman et al., 2001; Franceschi & Nakata, 2005). In the minor pathway oxalate is formed 
through the oxidation of oxaloacetate, glycolate and glyoxylate. The activities of isocitrate lyase 
and glycolate are responsible for the formation of oxalate in the minor pathway (Davies & Asker, 
1983; Giachetti et al., 1987). Although glycolate, glyoxylate and their oxidising enzymes are 
abundant in green plants, this is still considered a minor pathway (Libert & Franceschi, 1987; 
Franceschi & Nakata, 2005). Guo et al., (2005) reported that increased feeding of ascorbic acid to 
plants increased oxalate levels, especially soluble oxalate, whereas studies have shown that 
glycolate or glyoxylate were relatively poor precursors of oxalate biosynthesis (Franceschi, 1987; 
Horner et al., 2000; Keates et al., 2000; Kostman et al., 2001). L-ascorbic acid is cleaved 
between carbons two and three to give oxalic acid and L-threonic acid, which can be oxidised to 
give tartaric acid and the biosynthesis in plants occurs in crystal idioblasts (Wagner & Loewus, 
1973; Kostman et al., 2001; Li et al., 2003). Calcium oxalate crystal formation increases with 
increasing calcium in the growth medium of plants. It has been hypothesised that this 
phenomenon can be affected by growing plants in high-calcium soil (Bakr & Gawish, 1997; 
Keates et al., 2000). 
2.1.4. Role of oxalates in plants 
Oxalates are inactive and cannot be used for energy production and oxalates could be viewed as 
metabolic waste. However, in plants, there are a number of professed functions carried out by 
oxalates. Oxalates offer protection and defence to plants and may contribute to maintaining cell 
homeostasis and photosynthesis (Noonan & Savage, 1999). These functions are outlined below. 
2.1.4.1. Calcium regulation  
      The formation of calcium oxalate crystals has been considered to be a way of regulating 
calcium levels in plants as it converts the calcium into an inactive form. In plants, calcium uptake 
is dependent on the availability of calcium in the root zone and is not regulated by metabolic 
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requirements (Franceschi & Nakata, 2005). The number and size of calcium oxalate crystals in 
plants changes with the changing calcium levels in the growing medium (Pennisi & McConnell 
2001; Volk et al., 2002; Mazen et al., 2004).  Some plants also deposit calcium oxalate crystals in 
developing organs with no or few vacuolar compartments.  In plants, calcium has important 
physiological roles in signal transduction pathways and other biochemical and cellular processes 
(Franceschi & Nakata, 2005). 
2.1.4.2. Protection  
      In plants, both oxalic acid and calcium oxalate provide possible defence mechanisms.  
Soluble oxalates can have toxic poisoning effects on grazing animals and are associated with 
calcium oxalate accumulation in rumen walls, arteries and kidneys (Franceschi & Nakata, 2005).  
Other reported adverse effects from consuming excess oxalate are kidney stones, renal failure and 
death (Von Burg, 1999).  Additionally, soluble oxalate may interfere with calcium absorption as 
it is an effective chelator of divalent cations such as calcium and magnesium, making it even less 
than desirable for consuming in large amounts. Calcium oxalate crystals also provide protection 
from omnivores due to the formation of needle-shaped raphide crystals, styloid crystals and small 
angled crystals, etc (Noonan & Savage, 1999; Franceschi & Nakata, 2005). Raphide crystals 
cause skin irritation and are effective in preventing grazing by animals (Bruynzeel, 1997; Julian 
& Bowers, 1997; Ward et al., 1997; Saltz & Ward, 2000). These crystals can pierce the skin of 
grazing animals and make eating unpleasant so animals avoid high oxalate containing plants 
(Frutos et al., 1998). Styloid crystals may span the entire cross-section of the leaf and potentially 
pierce and injure the mouth of grazing animals (Franceschi & Nakata, 2005).  
2.1.4.3. Detoxification of heavy metals 
      Plants produce oxalates to protect themselves from being poisoned with heavy metals (e.g., 
lead and cadmium) through exclusion and internal mechanisms. The exclusion mechanism 
involves the release of oxalate by the roots into the environment and this is induced by 
aluminium stress (Ma et al., 1998). The internal mechanism is the chelation of aluminium by 
oxalate to form non-toxic aluminium oxalate (Ma et al., 1997). Guo et al., (2005) found that an 
increase in ascorbic acid in the growing medium of rice increased the plant's tolerance to 
aluminium, which was attributed to the protective action of oxalates.  Further studies have 
demonstrated oxalate binding detoxifies other heavy metals, such as lead (Mazen & El 
Maghraby, 1998; Yang et al., 2000), strontium (Franceschi & Schueren, 1986; Mazen & El 
Maghraby, 1998) and cadmium (Mazen & El Maghraby, 1998; Choi et al., 2001).    
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2.1.4.4. pH Regulation and osmoregulation  
      Many cellular processes are pH dependent and thus the concentration of H
+
 ions within a cell 
is important.  Oxalate (the anion) has been found to be important in maintaining homeostasis by 
counteracting inorganic cations such as potassium and sodium. Free oxalic acid acts as an H
+
 
source (Ruiz & Mansfield, 1994).  Davies & Asker, (1983) suggested that lactate dehydrogenase, 
with its ability to reduce glyoxylate to glycolate and oxidise it to oxalate, forms part of an 
oxalate-based system to maintain the pH. Glyoxylate is reduced in acid conditions (to remove 
excess H
+
 ions) and oxalate is produced under alkaline conditions.  Soluble salts of oxalates may 
also play an important role in osmoregulation, as they can reversibly bind inorganic cations such 
as sodium and potassium that are important in osmoregulation (Libert & Franceschi, 1987).   
2.1.4.5. Photosynthesis  
      Kuo-Huang et al., (2007) described a possible correlation between calcium oxalate crystals 
and photosynthesis. In six different plant species, druse crystals were found in the photosynthetic 
palisade cells rather than in cells specialised for crystal formation, suggesting their role in 
photosynthesis. The position of druse crystals within the palisade cells alters in response to 
different light intensities. Kuo-Huang et al., (2007) concluded that the crystals migrated to the 
top of the palisade cells, perhaps to reflect some high-intensity light, as a form of light regulation 
and protection for shade-adapted plants.   
 2.1.5. Absorption and fate of oxalate in the human body 
There are some contradictions about the major sites of free oxalate absorption in the human body. 
However, most studies have suggested the small intestine as the major site for oxalate absorption 
(Holmes et al., 1995; Simpson et al., 1999; Savage & Mårtensson, 2010). The amount and rate of 
oxalate absorption varies depending on the diet of the individuals (Noonan & Savage, 1999). In 
general the oxalate absorbed from the diet is relatively low. In normal people absorbed oxalate is 
only a fraction of the total oxalate ingested. This fraction is estimated in the range of 5-15% 
depending on the co-ingestion of calcium, magnesium and dietary fibre (Noonan & Savage, 
1999; Savage & Mårtensson, 2010). During fasting the rate of oxalate absorption is higher 
(~12%) compared to in the non-fasting state (~7%) (Noonan & Savage, 1999). The absorption of 
oxalates also varies markedly depending on the food source, for example, 1% from rhubarb and 
spinach to 22% from tea. A fraction of the oxalate is absorbed from foods and once absorbed 
free/soluble oxalates bind to calcium ions to form insoluble calcium oxalate (Noonan & Savage, 
1999).  
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While passing through the gastrointestinal tract, oxalate can be broken down by oxalate 
degrading bacteria or enzymes in the colon (Savage & Mårtensson, 2010). Anaerobic 
Oxalobacter formigenes influences the gastrointestinal absorption of oxalate (Kwak et al., 2003). 
This bacterium uses oxalate as an energy-yielding substance for growth. In combination with 
enzymes O. formigenes can convert oxalates to formate and carbon dioxide (CO2). The absence 
or decreased activity of oxalate-degrading bacteria is associated with the increase risk of 
hyperoxaluria (Savage, 2002). A study carried out by Kwak et al., (2003) suggested that patients 
with calcium oxalate kidney stones who tested negative for oxalobacteria, showed higher than 
average level of urinary oxalate (0.36 mmol/day) compared to patients positive for oxalobacteria 
(0.29 mmol/day).   
Animal models demonstrate that diseases including chronic renal failure, hyperoxaluria and 
oxalate-associated diseases can alter oxalate absorption in the intestine. These diseases may 
change cellular oxalate transport, transcellular and paracellular pathways and promote oxalate 
absorption or secretion. Intestinal oxalate absorption is increased in patients with ileal 
dysfunction and kidney stones. A number of studies have shown that hyperoxaluric stone formers 
absorb more oxalate than non-stone formers. On average, stone formers may absorb up to 50% 
more oxalate than normal individuals (Hesse et al., 1999; Chai & Liebman, 2004; Voss et al., 
2006).    
2.1.6. Toxicity of oxalates in humans  
Consumption of oxalate containing foods can have two major effects on human health. First, 
oxalic acid can form insoluble salts by binding to cations (e.g. calcium, iron, magnesium) in 
the foods and, thus, decrease the bioavailability of these essential minerals (Noonan & 
Savage, 1999). These insoluble oxalate salts are excreted in the faeces (Marengo & Romani, 
2008). Secondly, once absorbed, soluble oxalate cannot be used in the body and needs to be 
excreted. The soluble oxalic acid in urine may bind to calcium and become insoluble. This 
calcium oxalate can accumulate in the kidneys and lead to kidney stone formation (Williams 
& Wandzilak, 1989; Chai & Liebman, 2005). The majority of urinary stones are calcium 
oxalate stones. This is contributed to by both environmental and inherited factors. High 
dietary intake of oxalate or oxalate precursors, excessive sweating, diets rich in animal protein 
and small intestinal malfunction can lead to hyperoxaluria, which is excessive urinary oxalate 
secretion. In healthy individuals the endogenous synthesis of oxalate is low (Holmes et al., 
2001; Grifinn, 2004). Idiopathic stone formers are normally characterised by hyperoxaluria 
(Marengo & Romani, 2008; Worcester & Coe, 2008). The diet is considered an important 
environmental factor that greatly influences the stone formation (Grifinn, 2004; Worcester & 
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Coe, 2008; Vani et al, 2009). Prevention of calcium oxalate stone formation can be achieved 
by avoiding large amounts of oxalate containing foods and consuming calcium rich foods 
such as dairy products together with oxalate containing foods (Mårtensson & Savage, 2008).   
2.1.7. The effects of cooking on oxalate levels in foods   
Cooking can influence the oxalate content of foods. Soluble oxalate is particularly influenced by 
cooking methods (Chai & Liebman, 2005). Some cooking methods that have been shown to be 
effective in reducing oxalates in oxalate containing food products are discussed below.  
2.1.7.1. Boiling 
      Savage et al., (2000) reported that boiling can result in significant losses of soluble oxalate 
from foods such as spinach, silverbeet and rhubarb. During the boiling loss of soluble oxalates 
from various vegetables is expected due to them leaching into the cooking water. Therefore, 
discarding of cooking water is a very effective way of reducing the level of soluble oxalate in 
foods containing high oxalate levels. Chai & Liebman, (2005) have reported that boiling can 
reduce the soluble oxalate content in vegetables ranging from 30-87%. Spinach showed the 
highest loss of oxalate (ca. 87%), followed by Swiss chard leaves (ca. 85%), green Swiss chard 
leaves (ca. 84%), Brussels sprouts (ca. 73%) and rhubarb stalks (ca. 61%). Boiling foods with 
their skins off allows leaching of soluble oxalate into the boiling water (Holloway et al., 1989; 
Sangketkit et al., 2001; Bhandari & Kawabata, 2006; Catherwood et al., 2007). 
2.1.7.2 Steaming 
      Steaming allows the steam to cook the food and is capable of cooking all kind of foods 
including vegetables and is a very healthy option because it retains most nutritional properties. 
Chai & Liebman, (2005) analysed the effect of steaming on the soluble oxalate content of nine 
commonly consumed vegetables. The results showed that although the amount of soluble oxalate 
lost by steaming was high, it was less than half the loss that occurred from boiling; for example, 
42% losses of soluble oxalate in spinach and 46% in Swiss chard. In contrast, Sangketkit et al., 
(2001) showed an increase in the oxalate content of yams when steamed with the skin on. This 
may be due to the skin of yams preventing the leaching of oxalates into the cooking water. 
2.1.7.3. Baking 
      Baking is one of the most common Western ways of cooking. Catherwood et al., (2007) 
reported that baking can significantly increase the soluble and insoluble oxalates in Japanese taro 
corm as moisture is removed during baking. In another study, the oxalate content of baked yam 
tubers increased by 79%, which resulted in an oxalate to calcium ratio of 9.5 (Sangketkit et al., 
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2001). The effect of baking was also studied by Oscarsson & Savage, (2007) on young and old 
taro leaves. For both samples, soluble oxalate contents decreased from 74% to 59%. Baking the 
leaves with milk led to a further reduction (to 21.4%), as the calcium from the milk bound the 
soluble oxalate to form calcium oxalate, thus reducing the availability of oxalate. Albihn & 
Savage, (2001) confirmed that the bioavailability of oxalate in oca (Oxalis tuberosa Mol) can be 
reduced to zero if baked with sour cream. Therefore, baking of high oxalate containing foods 
with milk can significantly reduce their soluble oxalate contents.  
2.1.7.4. Stir-frying 
      Stir-frying is a widely accepted method of cooking in Asian countries. Stir-frying describes 
the technique for cooking food in a wok with stirring. No data have been reported about the effect 
of stir-frying on the oxalate content of foods. Basically, a small amount of cooking oil is added to 
the wok and then the vegetables and other foods are added.  Stirring helps to cover the vegetables 
with oil, which may prevent the leaching of nutrients and anti-nutrients from the vegetables. In 
addition, moisture is lost during cooking, which may concentrate the oxalate in the food in a way 
similar to baking. Therefore, it is hypothesised that stir-frying may concentrate the oxalate 
content of the cooked food.  
2.1.7.5. Other factors  
      Methods such as blanching, washing, shredding, freezing and canning have an effect on the 
oxalate content in food products (Gupta et al., 2005). Jaworska, (2005a) compared frozen spinach 
with canned spinach and found that canned spinach contains 16% less soluble oxalate than frozen 
spinach and the amount of oxalate lost was affected by the cultivar of the preserved vegetables. 
The bioavailability of oxalate in foods can also be altered by the addition of extra calcium 
sources, such as milk, yoghurt, coconut milk and sour cream (Oscarsson & Savage, 2007; Savage 
& Mårtensson, 2010). Brogren & Savage (2003) showed that addition of extra calcium with 
spinach can reduce the uptake of oxalate.  
2.2. Antioxidants: Nutritional components of foods 
2.2.1. What are antioxidants?  
Antioxidants are redox active compounds which prevent radical formation, remove radicals 
before damage can occur, repair oxidative damage and eliminate damaged molecules by directly 
scavenging or neutralising free radicals or other reactive oxygen species (ROS) and reactive 
nitrogen species (RNS). Free radicals, ROS and RNS, are formed from oxidisable substrates due 
to normal cellular oxidative metabolic reactions, from the consequences of disease and also from 
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tobacco smoke, environmental pollutants, drugs, ethanol and radiation, etc. These highly reactive 
species can potentially alter the structure and function of cell membranes, lipoproteins, proteins, 
carbohydrates, RNA and DNA. This oxidative stress occurs in plants as well as animals and 
antioxidants operate to reduce it. In food, antioxidants help prevent oxidative deterioration of the 
food. In humans, it is thought that this oxidative damage significantly contributes to all 
inflammatory diseases such as cardiovascular diseases (CHD), Type 2 diabetes, cancer, acquired 
immunodeficiency syndrome (AIDS) and neurologic diseases (such as Alzheimer’s disease and 
Parkinson's disease) (Blomhoff et al., 2006). Natural antioxidants have many physiological 
activities including antibacterial, antiviral, anti-mutagenic, anti-allergic, anti-carcinogenic, anti-
metastasis, platelet aggregation inhibition, blood-pressure increase inhibition and antiulcer 
activity.  Thus, natural antioxidants have reportedly been used as chemopreventive agents (Moure 
et al., 2001). Since oxidative stress is common in chronic degenerative disease, it has been 
assumed that dietary antioxidants are required for the proper protection of animal cells and this 
explains the protective role of fruit and vegetable in the human diet. (Blomhoff et al., 2006; 
Alasalvar & Shahid, 2009). In addition, there are age-associated increases in oxidant or free 
radical production, which may be offset by an increased intake of antioxidants. Increased dietary 
levels of antioxidants are associated with increased plasma antioxidant levels and these have 
cardio-protective actions, decrease endothelial dysfunction and reduce risk of hypertension by 
lowering the oxidation of low density lipoprotein (LDL).  
Due to the chemical diversity of the antioxidant compounds present in foods, there is no complete 
database of antioxidant contents available. Additionally, the levels of individual antioxidants do 
not necessarily reflect the total antioxidant capacity, because this depends on the synergic and 
redox interactions among the different antioxidant molecules present in the food (Murcia et al., 
2009).  
2.2.2 The mechanistic functions of antioxidants  
Oxidative modifications of cellular components are induced and mediated not only by free 
radicals but also by non-radical mechanisms. Various antioxidant compounds and enzymes with 
different functions are necessary in the defence networks of the aerobic organisms (Niki, 2010).  
 
Based on their mechanistic functions, antioxidants may be classified as preventative antioxidants, 
scavenging antioxidants or repair antioxidants. The preventative antioxidants act as the first line 
of defence by suppressing the formation of reactive oxygen and nitrogen species (ROS/RNS) by, 
for example, reducing hydrogen peroxide and lipid hydroperoxides to water and lipid hydroxides, 
respectively, or by sequestering metal ions such as iron and copper. The scavenging antioxidants 
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rapidly remove active species before they can attack biologically essential molecules. Superoxide 
dismutase converts superoxide to hydrogen peroxide, while carotenoids scavenge singlet oxygen 
either physically or chemically. Many phenolic compounds and aromatic amines act as radical-
scavenging antioxidants. These scavenging antioxidants act as the second line defence in vivo. 
Various enzymes function in the third line of defence by repairing damage, clearing wastes and 
restoring lost functions. An adaptation mechanism functions as the fourth line of defence, where 
appropriate antioxidants are generated at the right time and transferred to the right position in the 
right concentration (Niki, 2010). Furthermore, there is evidence showing that some antioxidants 
act as cell signalling messengers to control the level of antioxidant compounds and enzymes. 
Hence, antioxidant compounds and enzymes constitute a total defence system in vivo.   
 
2.2.3 Major antioxidants found in foods 
Vegetables and their products are the major source of antioxidants in the diet and many studies 
have analysed their activities (Moure et al., 2001; Bunea et al., 2008; Murcia et al., 2009). Diets 
rich in vegetables provide protection against chronic diseases due to the presence of dietary 
antioxidants. These antioxidants include water soluble vitamin C (ascorbic acid), polyphenolic 
compounds (phenolic acids, flavonols, catechin monomers, proanthocyanidins, flavones, 
flavanones and anthocyanins) and glutathione as well as hydrophobic α-tocopherols and β-
carotene (Moure et al., 2001; Ratnam et al., 2006).  The composition of antioxidants in 
vegetables is complex.  The antioxidant activity of plant foods is derived from the cumulative 
actions of this wide variety of antioxidants (Besco et al., 2007; Murcia et al., 2009).  
 
2.2.4 Oxygen radical absorbance capacity assay for measuring antioxidants in foods     
The number of methods available to measure the antioxidant activities of plant foods has 
increased in the last decade (Besco et al., 2007). The oxygen radical absorbance capacity 
(ORAC) assay is the most often used hydrogen atom transfer method for measuring the 
antioxidant activities of a vast number of foods (Cao et al., 1996; Ou et al., 2002; Zulueta et 
al., 2009). ORAC is one of the most popular (Singh & Singh, 2008) and the most standardised 
of antioxidant methods. This is also the method chosen by the US Food and Drug 
Administration (USDA Database, 2010). Fluorescein (3’,6’-dihydroxyspiro[isobenzofuran-
1[3H],9’[9H]-xanthen]-3-one) or dichlorofluorescein (H2DCF-dA; 2’,7’-
dichlorodihydrofluorescein diacetate) is currently the preferred fluorescent probe as it is 
extremely stable and less reactive than β-phycoerythrin (β-PE). ORAC measures how well the 
antioxidant extract can protect the fluorescein probe from oxidation by peroxyl radicals. 
Because this protection is measured over time the assay measures antioxidants that have a lag 
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time as well as those that do not. The antioxidant activity is measured as the difference in area 
under the fluorescence decay curves of fluorescein incubated with the food extract or with a 
blank [AUCantioxidant – AUCno-antioxidant] (Prior et al., 2005; Bisby et al., 2008). ORAC is 
determined by comparison to trolox, a water soluble vitamin E analogue and a commonly 
used antioxidant standard, and so is expressed as trolox equivalents (TE)/gram sample. ORAC 
can be successfully adapted to detect both hydrophilic and lipophilic antioxidants of 
vegetables by altering the radical source and solvent used for solublilisation of the extract. 
(Bisby et al., 2008; Zulueta et al., 2009).  
 
Ou et al., (2002) studied the antioxidant activities of common vegetables using the ORAC 
assay.  Vegetables ranked from highest to lowest antioxidant activity, as determined by 
ORAC, were green pepper (154 ± 60 µmol TE/g FW) > spinach (152 ± 26) > purple onion 
(143 ± 46) > broccoli (126 ± 42) > beet (115 ± 36) > cauliflower (102 ± 28) > red pepper (97 
± 43) > white onion (85 ± 23) > snap onion (79 ± 37) > tomato (67 ± 13) > white cabbage (61 
± 21) > carrot (60 ± 15) > pea (19 ± 3). Cao et al., (1996) reported the total antioxidant 
capacity of vegetables including spinach, kale, Brussels sprouts, potato, corn, eggplant, leaf 
lettuce, celery and cucumber using ORAC. They found values in the range of 1.1 to 24.1 
µmol TE/g FW. Kevers et al., (2007) studied the antioxidant activity of vegetables including 
spinach, leek, celery, asparagus and French beans and reported ORAC values in the range of 
1.6 to 15.86 µmol TE/g FW. Similarly, Isabelle et al., (2010) measured the antioxidant 
activity of vegetables consumed in Singapore including coriander, Chinese kale, water 
spinach, asparagus and capsicums and found that the hydrophilic ORAC values ranged from 
2.47 to 31.62 µmol TE/g FW. The variations in antioxidant activities for the same vegetables 
could be due to the use of different extraction methods and this sometimes makes it difficult 
to compare the results. In the current study, the ORAC assay was used for the quantitative 
measurement of the hydrophilic antioxidant activity of selected Indian spices and cooked 
spinach dishes and also the effects of wok cooking and the addition of spices and milk to the 
dishes. There are only a few reports (Sánchez-González et al., 2005; Dupas et al., 2006) 
indicating that the addition of milk can have detrimental effects on the antioxidant activity of 
beverages like tea and coffee.   
 
2.3 Spices and associated health effects 
 Spices and herbs are popular ingredients in every cuisine not only for their flavour but also for 
their functional properties (Arora & Kaur, 1999; Su et al., 2007). Spices such as cardamom, 
cinnamon, coriander, garlic, ginger, pepper, cumin and caraway are mainly used in food 
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preparations to improve the aroma and taste. In addition, spices have been shown to contain a 
number of phenolic and flavonoid compounds which have anti-inflammatory, anti-mutagenic, 
anti-carcinogenic and antioxidant activities (Prasad et al., 2004). These antioxidant properties 
have been able to delay, retard or prevent oxidation processes and may contribute to the 
protection of biologically important cellular components from oxidation. This decreases the 
deterioration of food by oxidative processes (Kitazuru et al., 2004; Su et al., 2007).  
 
Cinnamon, the bark of Cinnamomi cassia (Lauraceae), is widely used as a herbal medicine with 
diverse bioactive effects due to the presence of bioactive molecules, including water-soluble 
polyphenol type-A polymers, tannin, cinnamaldehyde, cinnamic acid and methylhydroxy-
chalcone polymer (Kim et al., 2006; Matan et al., 2006; Kwon et al., 2009; Ping et al., 2010). 
Ginger (Zingiber officinale Roscoe) is associated with the cure of an array of distinct ailments 
including arthritis, rheumatism, sprains, muscular aches, pains, sore throats, cramps, constipation, 
indigestion, vomiting, hypertension, dementia, fever and infectious diseases. These actions of 
ginger are mainly attributed by the presence of substances like monoterpenoids [β-phellandrene, 
(+)-camphene, cineole, geraniol, curcumene, citral, terpineol, borneol] and sesquiterpenoids [α-
zingiberene, β-sesquiphellandrene, β-bisabolene, (E-E)-α-farnesene, arcurcumene, zingiberol] 
and phenols, mainly gingerols and shogaols (Jolad et al., 2005; Ahui et al., 2008; Ali et al., 2008; 
Oboh et al., 2010). Turmeric (Curcuma longa L.) has potential anti-cancer, anti-coagulative and 
anti-hepatotoxic activities (Selvam et al., 1995; Lantz et al., 2005). Turmeric possesses 
antioxidant capabilities due to the presence of terpinene, ascorbic acid, beta-carotene, beta-
sitosterol, caffeic acid, campestrol, camphene, dehydrocurdione, eugenol, p-coumaric acid, 
protocatechuic acid, stigmasterol, syringic acid, turmerin, turmeronola, turmeronol-β and vanillic 
acid (Cousins et al., 2007; Garg et al., 2008). Another spice, caraway (Carum carvi L.), is 
commonly used in India for food preparations. Its primary active constituents are carvone, 
limonene, carveol, dihydrocarveol and thymol in addition to glucosides and flavanoids. The oil 
fraction contains considerable amounts of oxygenated monoterpenes (Kamaleeswari et al., 2006; 
Polovka & Suhaj, 2010).  
   
There have been a number of studies carried out on the health benefits of spices. Kim et al., 
(2006) found that cinnamon extract dosed at 200 mg/kg significantly decreased blood glucose 
levels in control subjects. Studies have proven that cinnamon treatment strongly inhibits the 
expression of pro-angiogenic factors and the master regulators of tumour progression not only in 
vitro in melanoma cell lines but also in an in vivo experimental melanoma model. Cinnamon can 
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increase the antitumor activities of CD8+ T cells by increasing the levels of cytolytic molecules 
and their activity (Ahui et al., 2008; Kwon et al., 2009).  
 
Garg et al., (2008) have shown that dietary turmeric can decrease cell proliferation in treated 
animals. Curcumin (1,7-bis(4-hydroxyl-3-methoxyphenyl)-1,6-heptadiene-3,5-dione), a natural 
yellow phenolic pigment extracted from the rhizome of turmeric, showed biological and 
pharmacological properties including anti-inflammatory, anticancer, antibacterial and antiviral 
characteristics (Cousins et al., 2007; Garg et al., 2008; Yari & Saidikhan, 2010). The levels of 
antioxidant activity found in spices are addressed in the discussion of Chapter 5.  
 
In contrast to these beneficial effects, Tang et al., (2008) reported that oxalate intake resulting 
from consuming supplemental doses of cinnamon and turmeric may increase the risk of 
hyperoxaluria. Few studies have been carried out on the oxalate contents of spices and the effects 
from consumption. Only a limited number of studies have shown that spices such as cinnamon, 
ginger, cloves, fennel, coriander, turmeric, caraway and cardamom contain oxalates (Singh, 
1973; Ramasastri, 1983; Tang et al., 2008). The levels of oxalate content found in spices are 
addressed in the discussion of Chapter 3.  
 
With the issues outlined above in mind, the objective of this project was to examine the effect of 
Indian cooking using various spices and the addition of paneer on the nutritional and anti-
nutritional properties of the final spinach dishes. Cooking processes and the addition of 
ingredients like spices and milk products may change the oxalate and antioxidant contents of the 
cooked dishes.  
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Chapter 3 Total and soluble oxalate contents of some Indian 
spices 
3.1 Introduction  
Spices and herbs are popular ingredients in Indian cuisine not only for their flavouring but 
also for their functional properties (Arora & Kaur, 1999; Su et al., 2007). Spices are mainly 
used in food preparation to improve and add a variety of flavours and tastes. Many spices 
such as, turmeric, cumin, garlic, pepper, cinnamon, coriander and cardamom are used as 
preservatives in pickles and chutneys (Arora & Kaur, 1999; Prasad et al., 2004). Several 
spices, particularly garlic, ajowan, black pepper, cloves, ginger, cumin and caraway seeds, are 
also used extensively in Indian medicine (Arora & Kaur, 1999). Spices have been shown to 
contain a number of phenolic and flavonoid compounds with antioxidant, anti-inflammatory, 
anti- mutagenic and anti-carcinogenic activities (Prasad et al., 2004). In contrast to these 
beneficial compounds, spices also contain oxalates. Singh (1973), Ramasastri (1983) and 
Tang et al., (2008) have shown that spices, including cinnamon, ginger, cloves, fennel, 
coriander and turmeric, contain high levels of oxalates, while other spices, such as caraway 
and cardamom (both big and true cardamom), contain moderate levels of oxalates. Tang et al., 
(2008) carried out a study to assess urinary oxalate excretion following consumption of 
supplemental doses of cinnamon and turmeric. In their study, eleven healthy subjects 
consumed 3 g of cinnamon or turmeric on a daily basis for four weeks. The consumption of 
supplementary doses of turmeric significantly increased urinary oxalate levels when 
compared to the consumption of water as the control treatment. The consumption of 
cinnamon had little effect on urinary oxalate excretion. The consumption of moderate 
amounts of turmeric could possibly increase the risk of kidney stone formation in susceptible 
individuals.   
Although a vast number of studies have been carried out about the beneficial properties of 
spices, until now few data were available about their possible association with negative health 
effects due to the presence of oxalate. This area definitely needs additional research. In this 
chapter, the oxalate contents of ten different Indian spices were measured. Six of these spices 
were used for the preparation of spinach dishes. The reason for conducting this experiment 
was to gain a better understanding about the oxalate profile of Indian spices and their 
contribution during the cooking procedure.   
Table 3.1 represents the summary of all the data available on the oxalate content of spices in 
the literature.  It is noticeable that much of the data was determined using older methods 
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which did not allow the determination of the soluble oxalate content which is the most 
important fraction of the total oxalate content. Early studies by Singh, (1973) suggested that 
some spices contained relatively low levels of total oxalates when expressed on a dry matter 
basis (Table 3.1). Singh, (1973) used an oxalate precipitation method followed by titration 
with potassium permanganate. This method has now been superseded by more accurate HPLC 
methods. In contrast to Singh’s work using a titration method, Ramasastri, (1983) showed that 
many spices contained high levels of total oxalates. In this later study, Ramasastri, (1983) was 
able to show that caraway seeds, cinnamon and cloves also contained soluble oxalates (Table 
3.1). Caraway seeds were unusual as between 80 to 90% of the oxalate was soluble. The 
cinnamon supplement used by Tang et al., (2008) contained 1798 mg total oxalates/100 g 
DM, which is much higher than the range of 398-826 mg/100 g DM reported by Ramasastri, 
(1983). The value reported by Tang et al., (2008) for the total oxalate content of turmeric, 
1969 mg/100 g DM, was similar to the range 1526-1935 mg/100 g DM reported earlier by  
Table 3.1: Total and soluble oxalate contents (mg/100 g DM) of some Indian origin spices 
(Singh, 1973 
a
; Ramasastri, 1983
 b
; Tang et al., 2008
c
)  
Spices      Total oxalates Soluble  oxalates 
Ajowan (Trachyspermum ammi) 
b
 1166-1458 -
1
 
Ajowan (Apium Graveolens var. Dulce) 
a
 350 - 
Big cardamom (Amomum subulatum)
 b
 452-553 - 
Cardamom (Ellettaria cardamomum) 
a
 16.9 - 
Caraway seeds (Carum caarvi) 
b
 655-913 587-688 
Cinnamon (Cinnamomum zealanicum) 
b
 398-826 108-200 
Cinnamon (Cinnamomum zealanicum) 
 c
 1798 - 
Cloves (Syzygium aromaticum) 
b
 3245-3969 1520-1677 
Coriander seeds (Coriandrum sativum) 
b
 990-1480 - 
Cumin (Cuminum cyminum) 
a
 76.3 - 
Fennel seeds (Foeniculum vulgare)
 b
 815-1118 - 
Garlic (Allium sativum L.) 
a
 8.8 - 
Ginger (Zingiber officinale L.) 
a
 91.4 - 
Turmeric (Curcuma domestica)
 b
 1526-1935 - 
Turmeric (Curcuma domestica) 
a
 12.4 - 
Turmeric (Curcuma domestica)
 c
 1969      - 
True cardamom (Ellettaria cardamomum) 
b
 493-522 - 
1
Not detected 
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Ramasastri, (1983) but in contrast to the single value, 12.4 mg/100 g DM, reported by Singh, 
(1973).  
The data on the oxalate content has not been studied in depth and data available is quiet limited. 
It is also noticeable that much of the data was determined using older methods which did not 
allow the determination of the soluble oxalate content which is most important fraction of the 
total oxalate content. 
3.2  Materials and methods  
3.2.1 Sample material 
Dried spices were purchased from Indian supermarket, 180 Durham Street, Christchurch, New 
Zealand in October 2010; all were produced in India and exported by M.V. Exports (342 
Kalbadevi Road, Mumbai, Maharashtra, India). A sub-sample of each spice was subsequently 
ground to a fine powder in a coffee mill (Sunbeam, model: EM0400, China).  
3.2.2 Dry matter determination  
The dry matter (DM) of each sub-sample of dried spices was determined by drying in an oven 
(Watvic, Watson Victor Ltd., NZ) at 105°C to a constant weight (AOAC, 2002).  All 
determinations were performed in triplicate.  
3.2.3 Extraction and analysis of oxalates 
The measurement of total and soluble oxalate was performed following the method outlined by 
Savage et al., (2000).  The oxalic acid peak was identified by comparing the retention time to a 
standard solution and by spiking the sample with a known quantity of oxalic acid as a standard.  
The content of insoluble oxalate was calculated by subtracting the amount of soluble oxalate 
from the total oxalate content (Holloway et al., 1989). All determinations were performed in 
triplicate. 
3.2.4 High performance liquid chromatography  
The chromatographic separation was carried out using a 300 × 7.8 mm Rezex ion exclusion 
column (Phenomenex Inc, California, USA) attached to a cation h
+
 guard column (Bio-Rad, 
Richmond, California, USA) at room temperature. The equipment consisted of an autosampler 
(Hitachi AS-2000, Hitachi Ltd, Kyoto, Japan) and a UV/VIS detector Spectra-Physics SP8450 
(Spectra-Physics, San Jose, California, USA) set on 210 nm. Data capture was facilitated via a 
PeakSimple chromatography data system (SRI model 203, SRI Instruments, California, USA) 
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and data was processed using PeakSimple version 3.54 (SRI Instruments, California, USA). The 
mobile phase used was an aqueous solution of 25 mM H2SO4. Samples of 20 µL were injected on 
to the column and eluted at a flow rate of 0.6 mL/min. The extraction and analysis were carried 
out in triplicate for each sample.  
3.2.5 Statistical analysis  
All calculations were performed using Excel
®
 2007 Version 12 and results are presented as a 
mean ± SE. Statistical analyses of the total and soluble oxalate content of the four dishes were 
performed using Minitab version 15.1 (Minitab Ltd., Coventry, UK).  
3.3 Results and Discussion 
The dry matter contents of the ten spices were very similar and, on average, gave an overall 
dry matter of 89% (Table 3.2). 
Table 3.2: Total, soluble and insoluble oxalate contents (mg/100 g DM ± SE) of ten spices of 
Indian origin 
 
Spices 
 
Dry matter 
(g/100 g DM) 
 
Total 
oxalates 
 
 
Soluble 
oxalates 
 
 
Insoluble  
oxalates 
Cardamom (green) (Elettaria cardamomum) 93   4014 ± 189   3977 ± 182 37 ± 8 
Cardamom (black/big) (Amomum subulatum) 90   2055 ± 19 1204 ± 100   852 ± 107 
Caraway seeds (Carum carvi) 89      945 ± 77 44 ± 1 900 ± 76 
Cinnamon (Cinnamomum zelanicum) 86    3460 ± 181 -
1
 3460 ± 181 
Cumin  (Cuminum cyminum) 88    1513 ± 54    112 ± 2    1401 ± 54 
Curry Leaf (Murraya koenigii) 86    2033 ± 116    119 ± 9    1915 ± 120 
Ginger (Zingiber officinale) 89    1528 ± 53   1339 ± 22      189 ± 35 
Malabathrum leaf (Cinnamomum tamala) 86    2744 ± 81 1625 ± 127    1119 ± 90 
Nutmeg (Myristica fragrans) 94      194 ± 13 41 ± 3     153 ± 14 
Turmeric powder (Curcuma domestica) 89    1889 ± 198   1795 ± 35       93 ± 35 
1
 not detected
 
 
The total oxalate content of the spices measured in this study ranged from 194 mg/100 g DM 
for nutmeg to 4014 mg/100 g DM for cardamom (green) (Table 3.2), while the soluble oxalate 
levels ranged from none detected in cinnamon and very low levels in nutmeg 41 mg/100 g to 
3977 mg/100 g DM in green cardamom (raw data are in Appendix 2). Green cardamom 
contained the highest proportion of soluble oxalate (99.1%) followed by turmeric powder 
(95%). Although the level of total oxalate in ginger was lower than most other spices, around 
88% of the oxalate was in the soluble form. All the other spices contained soluble oxalates, 
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which ranged from 4.7 to 59.2% of the total oxalates. Cinnamon was the only spice which 
contained insoluble oxalate alone. 
Earlier studies by Ramasastri, (1983) and Tang et al., (2008) have shown that spices including 
cinnamon, caraway, big cardamom, cloves, fennel seeds, coriander and turmeric were high in 
total oxalates (Table 3.1). Table 3.2 shows that the total oxalate found in locally sourced 
(produced in India) turmeric was significantly high, with 95% existing as soluble oxalate. The 
level of soluble oxalate found in turmeric (95%) in this study was similar to the value reported by 
Tang et al., (2008), which was 91.2% soluble oxalate. The study carried out by Ramasastri 
(1983), suggested that caraway seeds principally contained soluble oxalates, while the present 
study found much higher levels (95.3%) of insoluble oxalates and very low levels (4.7%) of 
soluble oxalates.  
Tang et al., (2008) carried out a study to assess urinary oxalate excretion following the 
consumption of supplemental doses of cinnamon and turmeric. In the study eleven healthy 
subjects consumed either 3.2 g turmeric or 3.5 g cinnamon in an oxalate load test; this was 
compared to the control regime where only water was given. The subjects consumed 63 mg total 
oxalate from the test spices. The cinnamon and turmeric supplements used by Tang et al., (2008) 
in their study had total oxalate contents of 1798 mg/100 g DM and 1969 mg/100 g DM, 
respectively. In the present study, turmeric contained 1889 ± 69 mg total oxalate/100 g DM, 
which is similar to the results of Tang et al., (2008). In contrast, the total oxalate content of 
cinnamon was 3460 ± 313 mg/100 g DM and this shows that the consumption of 3.5 g cinnamon 
would have provided two times higher levels of oxalate if consumed in the same way. Tang et al., 
(2008) found that the six hour % of oxalate absorption from turmeric ingestion was significantly 
higher (8.2%) than from cinnamon ingestion (2.6%). They explained this was due to the higher 
levels of soluble oxalates (91%) in turmeric than cinnamon (6%). This suggests that the amounts 
of soluble and insoluble oxalates in foods have an important role in the determination of oxalate 
absorption and excretion. Chai & Liebman, (2004) also showed that almond, which contained 
31% soluble oxalate, had a higher rate of absorption (5.9%) than black pepper (1.8%), which 
contained only 5% soluble oxalate content. Due to the low soluble oxalate content of cinnamon, 
there was no significant change in urine oxalate excretion from the baseline after cinnamon 
consumption. That means that turmeric could increase the risk of kidney stone formation in 
susceptible individuals. For those susceptible to kidney stones, cinnamon could be considered as 
a low-oxalate spice in terms of absorption. Based on the above discussion, green cardamom, 
turmeric powder, ginger, Malabathrum leaf and black cardamom containing 99.1%, 95%, 87%, 
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59% and 59% soluble oxalate, respectively, could pose a threat to an individual prone to renal 
stone formation.  
In a household survey by Uma Pradeep et al., (1993) the daily spice intake was calculated for 
average Indian males using the method developed by the National Nutrition Monitoring 
Bureau of India (1976-82). They found that the average total spice intake for Indian males 
was 9.54 g/day. Using this value and the total oxalate values determined for four spices 
determined in this study, the mean daily total oxalate intake can be calculated. Using data 
from the present study, cumin seeds, dry ginger, turmeric powder and caraway seeds could 
provide an average of 12.1, 1.6, 16.4 and 0.8 mg of total oxalate, respectively, on a daily basis 
in the diet of an average Indian male. The American Dietetic Association (2005) recommends 
restricting consumption of total dietary oxalate to fewer than 40 to 50 mg/day for people 
prone to forming kidney stones. These calculations are based on the assumption that only one 
spice is consumed each day; it is clear, however, that cumin and turmeric powder are 
important and popular constituents of many curry-based dishes and have the potential to 
supply moderate amounts of oxalates in the diet in addition to the oxalates that may be found 
in traditional Indian vegetables. Spices are not normally included in diet surveys nor included 
in the formulation of balanced diets due to their insignificant intakes. However, this may be 
important if larger quantities of spices are consumed regularly in the diet as in traditional 
dishes. There may also be regional variations in types and quantities of spices used. The 
availability of current data in this area is insufficient and needs further research before coming 
to any conclusions. 
3.4  Conclusions  
Spices that are part of many cuisines are found to contain oxalates in the range of 41 (nutmeg) 
to 3977 (cardamom) mg soluble oxalates/100 g DM. Some spices, including turmeric powder, 
green cardamom, ginger, Malabathrum leaf and black cardamom were found to have high 
levels of their oxalates in the soluble form and, therefore, should be avoided by people with 
hyperoxaluria or a tendency to form kidney stones. However, the daily intakes of these spices 
are low compared to oxalate containing leafy vegetables as they are added to meals in 
relatively small amounts. It should be noted, however, that spices are an important part of 
Indian cuisine and that spices are routinely added to many traditional meals; therefore, these 
spices will constitute a frequent intake of oxalates in the diet.  
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Chapter 4 Analysis of oxalate content in cooked spinach 
4.1 Introduction  
Spinach (Spinacea oleracea) is known as palak in India and is a rich source of nutrients but can 
also contain oxalate, an anti-nutrient. Oxalates accumulate in mature leaves of spinach up to 17% 
of the dry matter, although the level varies depending on the cultivar, season, phenotype of 
spinach, soil type and the form of nitrogen containing fertilisers (Sato, 1979; Bakr & Gawish, 
1997; Kawazu et al., 2003; Palaniswamy et al., 2004; Gupta et al., 2005; Wang et al., 2005). 
Oxalates, ubiquitous metabolic end products in plants, are unwanted in the human diet due to 
their adverse effects (Jaworska et al., 2005b). They can bind to calcium, magnesium and iron 
ions and, thus, reduce the bioavailability of these minerals.  
Jaworska et al., (2005b) reported that in spinach the soluble oxalate was 59-81% of the total 
oxalate content. In contrast, the soluble oxalate in spinach reported by Savage et al., (2000) was 
80-87% of the total oxalate. High dietary soluble oxalate intake as well as affecting mineral 
absorption can also lead to calcium oxalate kidney stone formation as the oxalates are excreted.  
Spinach has a high oxalate to calcium ratio of 4.27. This means it contains less utilisable calcium 
and can bind the calcium of other foods eaten at the same time (Brogren & Savage, 2003; 
Morrison & Savage, 2003; Taylor & Curhan, 2004; Siener et al., 2006). Kawazu et al., (2003) 
reported that in spinach the variation of moisture was from 88.5 to 92.8% with a mean of 90.7% 
and the variation of oxalate on a fresh weight basis ranged from 0.67 to 1.42% with a mean of 
0.95%. A study by Morrison & Savage, ( 2003) on two cultivars of spinach showed that the 
summer grown cultivar contained higher amounts of oxalate (740 mg/100 g FW) compared with 
the autumn cultivar (560 mg/100 g FW) (Appendix 1).   
It has been observed that boiling and other household cooking methods result in the loss of 
oxalates due to the leaching of oxalates into the water during cooking and the loss can range from 
low to as high as 76% (Savage et al., 2000; Judprasong et al., 2006). Oscarsson & Savage, (2007) 
showed that baking taro leaves can significantly reduce the proportion of soluble oxalates from 
73.9% in the fresh leaves to 21.5% in the baked leaves. In European cuisine, leafy vegetables like 
spinach and silver beet are generally boiled and the effects of this cooking technique have been 
well studied with respect to their oxalate content (Simpson et al., 1999; Savage et al., 2000). The 
total, soluble and insoluble oxalates and the ratio of soluble to total oxalates of a range of 
different leafy vegetables are summarised in Appendix 4.  
23 
 
In India the wok is a crucial part of traditional cooking, especially when food is cooked in large 
amounts for special occasions. A wok has numerous advantages, such as an even distribution of 
heat, protection of food from spreading outside the wok and it is also easy to cook large amounts 
of leafy foods. Stir frying involves initial boiling of the food before frying, with the eventual 
concentration of the food mix by loss of moisture as steam. The effect of stir frying on the 
oxalate composition of vegetables has not been fully investigated; so the effect of Indian-style 
wok cooking on the level of total and soluble oxalate contents of spinach dishes (palak) 
containing a variety of spices or addition of an Indian-type cottage cheese would, therefore, 
provide useful information. Palak is a popular vegetable in India and it is usually cooked in a wok 
with the addition of a variety of spices and sometimes with a type of cottage cheese (paneer). In 
India, the choice of spices is large and in parts of India the choices of spices are different even for 
the same dish. The types of spices available in different climatic regions also have an effect 
because certain spices grow well in particular parts of the country. Two main methods of cooking 
in a wok are used. Boiled saak is prepared by cooking for about 15 minutes and is a moist dish 
while saak bhaji is prepared using the same ingredients but is cooked for about 25 minutes and is 
a relatively dry dish. One popular dish, palak paneer, is prepared by the addition of paneer, an 
acid coagulated cottage cheese type milk product, which is normally prepared by curdling heated 
cow or buffalo milk with lemon juice or food acids. Paneer has a very mild acidic, sweet, nutty 
flavour, firm body and smooth texture (Paril & Gupta, 1987). Variations in flavour, texture and 
style of paneer result from the type of milk or milk powder used and the addition of flavouring 
agents, such as herbs, spices and wood smoke. The treatment of the milk during processing gives 
the final product a wide range of styles and tastes. Paneer is often substituted for meat in many 
vegetarian Indian dishes due to its high protein content. Palak paneer, matter paneer, shahi 
paneer, kadai paneer and chilli paneer are examples of some popular Indian dishes made using 
paneer. An important nutritional feature of paneer is that it contains high levels of calcium, which 
may have a modulating effect on the available oxalate in the cooked dish.  
Therefore, in this study, the effect of Indian-style wok cooking on the level of total and soluble 
oxalate contents of four spinach dishes, palak, plain palak saak, palak saak with ginger and palak 
paneer were compared after 15 and 25 minutes cooking.  
4.2 Materials and methods  
 4.2.1 Food ingredients collection 
Thirty-six bunches of fully grown spinach (Spinacea oleracea) were purchased from a local 
grower (Gordon The Grocer, Prebbleton, Canterbury, NZ). Six different dried spices (turmeric, 
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cumin, Malabathrum leaf, cinnamon, caraway and ginger), all produced and packed in India, 
were purchased from an Indian supermarket (180 Durham Street, Christchurch, NZ).  Indian 
paneer (Amul Malai Paneer, Amul Ltd., Mehmedbad, India) a typical Indian cheese product 
made from milk powder and citric acid was also purchased from the same Indian supermarket. 
Ionised table salt (Cerebos-Skellerup Ltd., Auckland, NZ) and vegetable oil (Sunfield Canola 
Salad Oil, Tasti Products Ltd., Auckland, NZ) were purchased from a local supermarket.   
4.2.2 Preparation of cooked spinach dishes 
Four Indian spinach-based dishes, namely, palak (the control dish), plain palak saak, palak saak 
with ginger and palak paneer were prepared in this study (Table 4.1). Fresh spinach was washed 
with tap water, the leaves with one third of the stems were chopped into 20 mm pieces, and 500 g 
of chopped leaves and stems were used to prepare each dish. To prepare the plain palak saak dish 
the wok was preheated to 100
o
C (a temperature probe was inserted into the food in the wok to 
monitor the cooking temperature) and then 8 mL of vegetable oil was added into the wok 
followed by cumin seeds and Malabathrum leaf. After 30 seconds chopped spinach, table salt and 
turmeric powder were added. After addition of the spices, the wok was covered with a heavy lid 
and left to boil. After 15 minutes, when the spinach became very soft, it was stirred for another 
10 minutes to allow the moisture to evaporate. Each dish was repeated three times following the 
same procedure. The Malabathrum leaf of the plain palak saak was replaced by ginger in palak 
saak with ginger (Table 4.1). Palak paneer was prepared using Malabathrum leaf, cinnamon, 
caraway seeds and paneer. The palak dish was prepared using the same procedure but without 
addition of any spices, salt or oil and used as a control sample. The samples were collected from 
four palak dishes at three different stages, before cooking (i.e., raw), after 15 minutes and 25 
minutes of cooking. Sub-samples from the four test meals were freeze dried for 48 hours at 0.5 
mbar in a Cuddon freeze dryer (W.G. Cuddon Ltd., Blenheim, Marlborough, NZ) and then finely 
ground in a coffee mill (Sunbeam, model EM0400, China).  
 
4.2.3 Dry matter determination  
The dry matter (DM) content of each sub-sample of spinach and paneer was determined by 
drying them in an oven (Watvic, Watson Victor Ltd., NZ) to a constant weight at 105°C (AOAC, 
2002). All determinations were performed in triplicate.  
 
4.2.4 Sample extraction 
The measurement of total and soluble oxalates was performed following the method outlined by 
Savage et al., (2000). Total and soluble oxalate contents were determined in triplicate by 
extracting 0.3 g of finely ground samples with 50 mL 0.2 M HCl or 50 ml nanopure water, 
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respectively, incubating in a water bath at 80°C for 15 minutes. The extracts were cooled and 
filtered through 0.45 µm cellulose acetate filter (Sartorious, Göttingen, Germany) prior to HPLC 
analysis.  
 
 
 
 
 
 
 
 
 
 
 
4.2.5 High performance liquid chromatography  
The HPLC was performed as described in Chapter 3 (3.2.4).  
4.2.6 Analysis of proximate and mineral composition 
Total fat, ash and crude protein were determined using standard AOAC methods (AOAC, 
2002). The pH was measured in triplicate on the thawed dishes using a SevenEasy pH Meter 
(Metler Toledo, GmbH, Schwerzenback, Switzerland).  
The mineral contents of all spinach dishes were analysed. All equipment used was soaked in 
10% HCl for 48 hours and left to dry before the procedure began. The Teflon microwave 
digestion vessels used were also soaked in Decon solution (Decon Laboratories Ltd., Hove, 
Sussex, UK) and then rinsed with acid to eliminate any contamination. Dried samples (0.5 g) 
were weighed into 100 mL Teflon® microwave digestion vessels. Five mL of 69% nitric acid 
(Aristar, BDH Chemicals, Ltd., Poole, Dorset, UK) and 2 mL of 30% hydrogen peroxide 
(AnalaR, BDH Chemicals, Ltd., Poole, Dorset, UK) were added and the digestion vessels 
were allowed to stand for 12 hours at room temperature. The samples were then digested for 
40 minutes in a microwave digester (Milestone Ethos Sel microwave oven, Sorisole, Italy) 
with the temperature rising to 200
o
C at the end of the digestion cycle. The digestion vessels 
Table 4.1: Compositions of the Indian spinach dishes 
 
Palak 
500 g Spinach 
 
Palak saak with ginger 
500 g Spinach 
0.8 g Cumin seeds 
1.2 g Turmeric powder 
1 g Ginger powder 
1.4 g Salt 
8 mL Oil 
Plain palak saak 
500 g Spinach 
1.1 g Malabathrum leaf 
0.8 g Cumin seeds 
1.2 g Turmeric powder 
1.4 g Salt 
                       8 mL Oil 
 
Palak paneer 
500 g Spinach, 
1.2 g Turmeric powder 
0.8 g  Cinnamon 
0.8 g Caraway seeds 
1.1 g Malabathrum leaf 
200 g Paneer 
1.4 g Salt 
8 mL Oil 
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were then cooled and the digested solution was made up to 25 mL with nanopure water. The 
mineral content was determined by aspirating the diluted sample into an Inductively Coupled 
Plasma-Optical Emission Spectrometer (ICP-OES, Varian Inc., Mulgrave, Victoria, Australia) 
through an ultrasonic nebuliser (Cetac 5000, Varian Inc., Mulgrave, Victoria, Australia). The 
Varian ICP was calibrated using a multi-element standard solution (Merck & Co. Inc., 
Whitehouse Station, NJ, USA). A mineral recovery was carried out using a spike of 20 mg/kg 
of a ICP Multi-element standard solution containing 23 elements  (Merck & Co. Inc., 
Whitehouse Station, NJ, USA), the recovery ranged from 92.2-123.4%.  
4.2.7 Calculation of standard serving size 
The serving sizes of each of the cooked dishes were calculated using the New Zealand metric 
standard (The Concise NZ Food Composition Tables, 2009). Each cooked dish was placed in 
a standard 250 mL cup and weighed using an electronic balance (Precisa 600D IP65, Precisa 
Gravimetrics AG, Dietikon, Switzerland). The 250 mL of cooked palak, plain palak saak, 
palak saak with ginger weighed 260 ± 3 g/cup, palak paneer weighed 255 ± 2 g/cup. 
4.2.8 Statistical analysis 
All calculations were performed using Excel
®
 2007 Version 12 and results are presented as a 
mean ± standard error (SE). Statistical analyses of the total and soluble oxalate contents of the 
four dishes were performed using Minitab version 15.1 (Minitab Ltd., Coventry, UK) and 
mean differences were determined using a one- and two-way ANOVA. 
4.3 Results and discussion 
Table 4.2 shows the mean oxalate contents of all spinach dishes; the raw data are given in 
Appendix 3. Cooking treatment had no significant effect (P > 0.05) on the oxalate contents of 
spinach dishes, whereas, the dishes had significant (p < 0.01) to very significant effects (p < 
0.001). Raw spinach (palak without added spices) contained mean total oxalate, soluble oxalate 
and insoluble oxalate of 7.56, 6.42 and 1.14 g/100 g DM, respectively; the mean proportion of 
soluble oxalate to total oxalate was 85%. After cooking (for 15 and 25 minutes), there was a 
marginal drop in total oxalate (about 10%) and moderate drop of soluble (18%) oxalate, which 
resulted in mean increase in insoluble oxalate content of all dishes. The mean proportion of 
soluble to total oxalates declined to 77%. It was assumed that during cooking at a high 
temperature (100
o
C), soluble oxalic acid combines with minerals (Ca, Fe, Mg, etc.) present in 
spinach, which results in a decrease in soluble oxalate and in increase of insoluble oxalate levels. 
According to the literature, the total oxalate content of spinach varies from 2.5 to 17.6 g/100 g 
DM (Savage et al., 2000; Jaworska, 2005b). Potassium and sodium salts of oxalic acid are 
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classed as water-soluble oxalates, while calcium, magnesium and zinc salts are considered as 
insoluble salts. Some Indian-origin green leafy vegetables contained significantly high levels of 
total oxalates. For example, Digera arvensis, Amaranthus tricolor, Boerhaavia diffusa, 
Trianthema portulacastrum and Celosia argentea contain total oxalate of 8.7, 9.1, 6.98, 10.8 and 
7.42 g/100 g DM, respectively (Savage & Mårtensson, 2010). Soluble oxalate contents of a range 
of leafy vegetables varied from 0.26 to 11.70 g/100 g DM (Appendix 4). In the present study the 
soluble oxalate content of raw spinach ranged from 0.58 to 6.42 g/100 g DM, which is close to 
the results reported by Savage et al., (2000).  
The addition of spices, salt and vegetable oil to the spinach (i.e. plain palak saak and palak saak 
with ginger) resulted in insignificant changes of total oxalate content, but reductions in the 
soluble oxalate content ranged from nil to 35% in plain palak saak. These observations may be 
associated with the high levels of mineral contents in the blends of spinach and spices and, thus, 
oxalic acid combined with minerals resulting in decrease of soluble oxalate and increase of 
insoluble oxalate contents in some cases. Studies have suggested that spices are good sources of 
minerals, some spices are rich in iron, e.g., ajowan (69.8 mg/100 g DM) (Carum copticum), 
caraway seeds (52.5 mg/100 g DM), (Carum caarvi) and turmeric (54.6 mg/100 g DM) 
(Curcuma domestica). Spices like fennel, cumin seeds and ajowan contain significant amounts of 
calcium in the range of 789-2133 mg/100 g serve (Ramasastri, 1983). The proximate composition 
of ash, crude protein and fat and the mineral contents (Ca, Mg, Fe, Na, Al, P, K and S) of the 
cooked spinach dishes are represented in Tables 4.3 (raw data are in Appendix 5) and 4.4, 
respectively.   
The addition of paneer to spinach diluted the level of oxalates in palak paneer dish (Table 4.2). In 
order to prepare palak paneer, 200 g paneer was added into 500 g fresh spinach and a small 
amount of spices were added. As expected, the addition of paneer significantly reduced the 
soluble oxalate content and increased the insoluble oxalate content in the final dish palak paneer. 
Interestingly, the changes of oxalate levels occurred spontaneously in the raw samples before 
cooking commenced, which indicated that the free oxalic acid reacted with the free calcium 
present in paneer. Generally, insoluble calcium oxalate has a lower bioavailability than the 
soluble form of oxalate and an oxalate rich or low calcium diet leads to a greater uptake of 
oxalate. In a six-hour bioavailability study Albihn & Savage, (2001) showed that the 
bioavailability of soluble oxalate in oca (Oxalis tuberosa) was 1.44%, which decreased to zero 
when sour cream (a source of free calcium) was added to the oca. The bioavailability of soluble 
oxalate from tea was also considerably reduced when it was consumed with milk (Savage et al., 
2003).  
  
Table 4.2: Total, soluble and insoluble oxalate contents (g/100 g DM ± SE) of the four palak dishes analysed raw or wok fried for 15 minutes (saak) or 25 
minutes (saak bhaji)  
Dish  Raw Boiled saak  Saak bhaji  
 Total Soluble Insoluble Total Soluble Insoluble Total Soluble Insoluble 
Palak 7.56 ± 0.45 6.42 ± 0.73 1.14 ± 0.42 6.82 ± 0.48 5.26 ± 0.26 1.55 ± 0.46 6.93 ± 0.12 5.32 ± 0.28 1.61 ± 0.40 
Plain palak saak 5.62 ± 0.20 4.15 ± 0.20 1.47 ± 0.11 6.69 ± 0.16 4.53 ± 0.05 2.16 ± 0.21 6.47 ± 0.39 4.28 ± 0.20 2.19 ± 0.43 
Palak saak with ginger 7.90 ± 0.18 6.26 ± 0.04 1.65 ± 0.20 7.88 ± 0.10 6.18 ± 0.12 1.46 ± 0.16 8.29 ± 0.25 6.40 ± 0.13 1.89 ± 0.37 
Palak paneer  2.90 ± 0.12 0.58 ± 0.04 2.32 ± 0.08 3.12 ± 0.15 0.96 ± 0.09 2.15 ± 0.16 3.18 ± 0.19 0.71 ± 0.07 2.48 ± 0.15 
 
Analysis of variance 
 
d. f. 
 
Soluble oxalate 
 
Insoluble oxalate 
 
Total oxalate 
Cooking treatment 2 NS NS NS 
Dish 3 *** ** *** 
Cooking treatment  × Dish 6 NS NS NS 
l.s.d. (5% level) of Cooking treatment × Dish  0.835 0.822 0.775 
Significance: *** p < 0.001, ** p < 0.01, * p < 0.05, NS = not significant (P > 0.05) 
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Table 4.3: The dry matter (%) and proximate compositions (g/100 g DM ± SE) of the 
four palak dishes analysed raw or wok fried for 15 minutes (saak) or 25 minutes (saak 
bhaji)  
 
 
 
 
 
 
 
 
 
 
 
Dish Treatment Dry matter Ash Crude protein Fat 
Palak  Raw 10.05 ± 0.35 20.40 ± 0.38 28.53 ± 0.65 4.41 ± 0.10 
Boiled saak 12.35 ± 0.67 18.28 ± 0.21 31.65 ± 0.29 5.45 ± 0.02 
Saak bhaji 50.12 ± 2.30 18.17 ± 0.22 31.27 ± 0.42 4.82 ± 0.42 
Plain palak 
saak 
Raw 10.24 ± 0.74 19.80 ± 0.35 28.36 ± 0.46 14.32 ± 0.11 
Boiled saak 12.13 ± 0.42 15.90 ± 0.24 25.59 ± 0.06 14.91 ± 0.36 
Saak bhaji 50.39 ± 1.70 16.31 ± 0.15 25.67 ± 0.22 15.14 ± 0.25 
Palak saak 
with 
ginger 
Raw 10.47 ± 0.55 19.38 ± 0.31 26.39 ± 0.67 14.38 ± 0.09 
Boiled saak 12.00 ± 1.10 16.82 ± 0.19 27.51 ± 0.46 14.90 ± 0.14 
Saak bhaji 50.44 ± 1.25 16.86 ± 0.16 27.08 ± 0.33 15.39 ± 0.33 
Palak 
paneer 
Raw 27.17 ± 1.50 8.39 ± 0.06 35.26 ± 0.31 31.70 ± 0.25 
Boiled saak 28.05 ± 3.12 8.46 ± 0.27 34.15 ± 0.35 33.73 ± 0.26 
Saak bhaji 38.79 ± 2.23 7.98 ± 0.20 34.13 ± 0.31 35.86 ± 0.27 
  
Table 4.4: The pH and mineral element contents (g/100 g DM ± SE) of the four palak dishes analysed raw or wok fried for 15 minutes 
(saak) or 25 minutes (saak bhaji) 
Dish Treatment pH Ca Mg Fe Na Al P K S 
Palak  Raw 5.70 ± 0.01 0.99 ± 0.05 1.15 ± 0.06 0.07 ± 0.01 0.18 ± 0.03 0.05 ± 0.01 0.68 ± 0.01 6.39 ± 0.23 0.44 ± 0.01 
Boiled saak 5.81 ± 0.01 1.01 ± 0.04  0.77 ± 0.01 0.02 ± 0.01 0.08 ± 0.00 0.02 ± 0.01 0.62 ± 0.01 6.21 ± 0.18 0.35 ± 0.01 
Saak bhaji 5.69 ± 0.02 1.00 ± 0.01 0.79 ± 0.01 0.03 ± 0.01 0.09 ± 0.00 0.02 ± 0.01 0.63 ± 0.01 6.39 ± 0.29 0.35 ± 0.01 
Plain palak 
saak 
Raw 5.74 ± 0.02 0.91 ± 0.01 0.62 ± 0.06 0.11 ± 0.01 1.89 ± 0.04 0.09 ± 0.01 0.62 ± 0.01 5.74 ± 0.71 0.32 ± 0.01 
Boiled saak 5.82 ± 0.01 0.91 ± 0.01   0.73 ± 0.04 0.03 ± 0.01 0.94 ± 0.01 0.02 ± 0.01 0.53 ± 0.01 5.32 ± 0.13 0.33 ± 0.01 
Saak bhaji 5.75 ± 0.01 0.91 ± 0.05 0.76 ± 0.03 0.03 ± 0.01 0.98 ± 0.04 0.02 ± 0.01 0.55 ± 0.01 5.33 ± 0.10 0.32 ± 0.01 
Palak saak 
with ginger 
Raw 5.74 ± 0.02 0.91 ± 0.01   0.71 ± 0.09 0.07 ± 0.04 1.18 ± 0.20 0.05 ± 0.01 0.55 ± 0.03 5.84 ± 0.39 0.31 ± 0.03 
Boiled saak 5.80 ± 0.02 0.91 ± 0.02    0.72 ±0.09 0.05 ± 0.03 1.09 ± 0.03 0.03 ± 0.01 0.54 ± 0.01 5.51 ± 0.13 0.31 ± 0.03 
Saak bhaji 5.74 ± 0.02 0.91 ± 0.03 0.59 ± 0.06 0.03 ± 0.01 1.11 ± 0.03 0.02 ± 0.01 0.53 ± 0.01 5.52 ± 0.06 0.27 ± 0.01 
Palak paneer Raw 6.02 ± 0.02 1.05 ± 0.01 0.32 ± 0.01 0.03 ± 0.01 0.52 ± 0.00 0.02 ± 0.01 0.65 ± 0.01 1.73 ± 0.03 0.33 ± 0.01 
Boiled saak 6.30 ± 0.03 1.00 ± 0.01 0.39 ± 0.01 0.01 ± 0.01 0.71 ± 0.07 0.01 ± 0.01 0.62 ± 0.01 1.77 ± 0.15 0.35 ± 0.01 
Saak bhaji 6.35 ± 0.06 1.02 ± 0.01 0.37 ± 0.01 0.01 ± 0.01 0.65 ± 0.04 0.01 ± 0.01 0.62 ± 0.02 1.55 ± 0.17 0.34 ± 0.01 
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In this present study, vegetable oil was added to spinach when preparing the dishes, but the effect 
of the addition of oil on oxalate levels was marginal. Table 4.3 shows that the fat contents of the 
spinach dishes were 5% for palak, 15% for both plain palak saak and palak saak with ginger and 
34% for palak paneer. The high fat content in palak paneer was due to the addition of paneer, 
which contained 44% fat. Generally, oil or fat in the diet binds to calcium in the gastrointestinal 
tracts, resulting in less calcium being available to bind to soluble oxalate and more oxalate is 
expected to be absorbed by the body (Brogren & Savage, 2003). Another study reported that 
consumption of spinach with olive oil did not change the output of urinary oxalate, indicating that 
the fat content of the test meal had no effect on the absorption of oxalate from the digestive tract 
(Brogren & Savage, 2003). However, a study showed that the mean bioabsorption of oxalates 
was higher (8.5 to 9%) in the case of peanut and chocolate, which contained high levels of fat 
compared to that of spinach (1.5% absorption) containing a lower level of fat (Finch et al., 1981). 
In contrast, the addition of fat or olestra to a potato diet depressed the oxalate absorption (10.5 
and 12.2%, respectively) compared to the potato diet alone (13.2%) (Liebman et al., 1999). The 
mean absorption of oxalate from stir-fried silver beet leaves was 2.41%, which reduced to 1.10% 
and 0.89% when consumed with standard yogurt and low fat yogurt, respectively (Johansson & 
Savage, 2011).  
 
 Processing steps such as washing, blanching, shredding, freezing and canning, etc. may 
contribute to changes in nutritional properties including the level of oxalate contents in leafy 
vegetables. After two minutes of cooking with tap water Savage et al., (2000) observed a 25 to 
53% decrease of total oxalates in spinach (Tetragonia expansa) and the losses of soluble oxalates 
varied from 65 to 66%. Jaworska, (2005a) reported that freezing or storage (one year) did not 
change the level of oxalates in vegetables. However, the levels of oxalates were very low in 
canned products, which contained 21-39% less water soluble oxalates and 5-25% less total 
oxalates compared to raw spinach after blanching (Jaworska, 2005a). Savage et al., (2000) 
showed that boiling can result in significant losses of soluble oxalate contents of some New 
Zealand vegetables, such as spinach (Spinacia oleracea), silver beet (Beta vulgaris var. cicla) and 
rhubarb (Rheum rhaponticum). During cooking the loss of oxalates occurred due to the leaching 
of oxalates into the cooking water. Simpson et al., (1999) reported that cooking silver beet (Beta 
vulgaris var. cicla) leaves with milk can significantly lower the level of soluble oxalate compared 
to the leaves cooked in water. They also showed that the level of soluble oxalate is lower when 
cooked with low fat milk instead of standard milk or cream. A study was carried out by 
Judprasong et al., (2006) on Thai vegetables, cereal grains and legume seeds to determine the 
effect of household cooking (boiling) on the levels of soluble and total oxalate contents. The 
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results indicated a significant reduction of total oxalate (18 to 76%) and soluble oxalate (19 to 
77%) in vegetables as a result of cooking.  
 
Finally, the present study indicated that Indian cooking methods using spices (e.g., cumin 
seed, turmeric powder, ginger powder, Malabathrum leaf, etc.) reduced soluble oxalate by a 
small amount to 35% and increased the insoluble oxalate content by 25-118% in the spinach 
dishes, depending on cooking time and spices used. These results are associated with high 
levels of minerals (Ca, Fe, Mg, etc.) present in the blends of spinach and spices; these 
minerals possibly interact with free or soluble oxalic acid of the spinach. Therefore, Indian 
wok cooking reduced the bioavailability of these minerals. As expected, paneer (a calcium 
containing milk product) dramatically reduced the soluble oxalate content and increased the 
insoluble oxalate content in the cooked spinach.  
One of the main effects that occurs as a food is cooked is a loss of moisture as steam. The mean 
dry matter of the three raw dishes, palak, plain palak saak and palak saak with ginger, was 
10.25% DM while the palak paneer contained 27.17% DM because of the addition of 200 g of 
paneer to this dish. Cooking for 15 minutes resulted in a mean 2% decrease in moisture content 
and cooking for 25 minutes resulted in a mean 44% reduction in moisture content of dishes 
except palak paneer (Table 4.3). The dry matter contents of all dishes (except for palak paneer) 
increased from 10.25% for raw and 12.16% for boiled saak to 50.31% for saak bhaji (Table 4.3). 
For the first 15 minutes the spinach was cooked with lid on so the loss of moisture was minimal 
(2%), whereas in the second half of cooking (another 10 minutes), the spinach was fried 
uncovered, which concentrated the dish, increasing the dry matter content. In palak paneer the 
dry matters were 27.17, 28.05 and 38.79% for raw, boiled saak and saak bhaji, respectively. 
During cooking palak paneer, water penetrates into the paneer matrix resulting in a lower loss of 
water and, therefore, the dry matter content of palak paneer (cooked for 25 minutes) was lower 
compared to other saak bhaji dishes. 
It is important to determine the composition of foods on a dry matter basis so that 
comparisons between foods can be made, but it should be remembered that foods are 
consumed wet. For this reason, it is useful to measure what an individual would actually eat. 
Nutrition databases commonly present data in terms of serving size, for vegetables the 
standard unit commonly used is a 250 mL cup size (The Concise NZ Food Composition 
Tables, 2009). As the moisture content of a food is reduced during cooking a cup will contain 
more dry matter. So the amount of dry matter that fits into a 250 mL cup is considerably 
 
 
 
Table 4.5: Soluble, insoluble oxalate and total calcium contents (g/standard serving ± SE) of the four palak dishes analysed wok fried for 15 minutes (saak) or 
25 minutes (saak bhaji) 
 
g/standard serving 
 
                                     Boiled saak Saak bhaji 
Dish Soluble 
oxalate 
Insoluble 
oxalate 
Total 
calcium  
Ca in 
insoluble 
oxalate 
% Ca in 
insoluble 
oxalate/total 
Ca 
Soluble 
oxalate 
Insoluble 
oxalate 
Total 
calcium 
Ca in 
insoluble 
oxalate 
% Ca in 
insoluble 
oxalate/total 
Ca 
Palak 1.64 ± 0.08 0.48 ± 0.14 0.31 ± 0.01 0.15 ± 0.04 48 6.92 ± 0.36 2.09 ± 0.51 1.31 ± 0.01 0.65 ± 0.16 50 
Plain palak saak 1.41 ± 0.02 0.67 ± 0.06 0.28 ± 0.01 0.21 ± 0.02 75 5.57 ± 0.26 2.85 ± 0.56 1.31 ± 0.01 0.89 ± 0.18 68 
Palak saak with ginger 2.04 ± 0.04 0.43 ± 0.05 0.25 ± 0.02 0.14 ± 0.02 56 8.32 ± 0.47 2.75 ± 0.15 1.31 ± 0.05 0.86 ± 0.05 60 
Palak paneer 0.69 ± 0.06 1.54 ± 0.11 0.72 ± 0.01 0.48 ± 0.04 67 0.68 ± 0.07 2.40 ± 0.15 0.99 ± 0.02 0.75 ±0.05 76 
 
Analysis of variance 
 
d. f. 
 
Soluble oxalate 
 
Insoluble oxalate 
 
Ca in Insoluble oxalate 
 
Total Ca 
Cooking treatment 1 *** *** *** *** 
Dish 3 *** NS NS ** 
Cooking treatment  × Dish 3 *** NS NS *** 
l.s.d. (5% level) of Cooking treatment × Dish  0.701 0.864 0.270 0.072 
Significance: *** p < 0.001, ** p < 0.01, * p < 0.05, NS = not significant (P > 0.05) 
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increased as the moisture content is reduced during the prolonged cooking to produce the saak 
bhaji dishes (Appendix 6). The mean total calcium of the three palak dishes boiled for 15 minutes 
was 0.28 ± 0.01 g/standard serving while the mean calcium content of the same palak dishes 
boiled for 25 minutes was 1.31 ± 0.02 g/standard serving. In contrast, the palak paneer dish 
boiled for 15 minutes contained 0.72 ± 0.01 g/standard serving and 0.99 ± 0.02 g/standard 
serving when it was boiled for 25 minutes. 
If it was assumed that all the insoluble oxalate in these dishes was made up of calcium oxalate 
(Simpson et al., 1999) it can be seen 48% of the total calcium in the plain palak dish cooked 
for 15 or 25 minutes was bound to oxalate and therefore unavailable when eaten. The mean % 
unavailable calcium in the plain palak saak, palak saak with ginger dishes was 58% which 
rose to 64% when the dishes were cooked for 25 minutes. The proportion of calcium available 
in the palak panier dish cooked for 15 minutes was 67% which rose to 76% when it was 
cooked for 25 minutes. In the present study, the mean value of calcium content was 0.93 ± 
0.03 g/100 g DM in the spinach dishes and the mean pH values were 5.75 ± 0.01 for palak, 
plain palak saak and palak saak with ginger to 6.22 ± 0.04 for palak paneer (Table 4.4). The 
addition of paneer increased the pH of palak paneer by 8.2% compared to other dishes. As 
mentioned by Simpson et al., (1999), the pH of the cooking media had a significant effect on 
the amount of free oxalic acid that bound to any available cationic minerals. In this current 
study the higher pH indicates that oxalic acid was predominantly in the soluble form.  
Overall, traditional wok-cooked dishes prepared using spinach as the major ingredient 
contained relatively high levels of total and soluble oxalates. When prepared as boiled saak 
and saak bhaji the three palak dishes, which did not have paneer added, would result in an 
intake of 1.41 to 2.04 g and 5.57 to 8.32 g soluble oxalate/standard serving (260 g), 
respectively (Table 4.5; raw data are in Appendix 7 and 8). When expressed in serving size, 
cooking treatment showed a significant effect (p< 0.001) on the oxalate and calcium contents 
of the cooked spinach dishes; however different dishes or variation of compositions had no 
significant effect except for soluble oxalate content (Table 4.5). Overall, the proportion of 
soluble oxalates compared to the total oxalate content was reduced during the cooking process 
from a mean of 79% for palak, plain palak saak and palak saak with ginger to a mean of 73% 
when cooked. The addition of 200 g of paneer to 500 g spinach to prepare the palak paneer 
dish resulted in the spinach proportion being reduced to 70% of the dish with a consequent 
reduction in the total and soluble oxalate contents. In contrast, the mean spinach content of the 
other three palak dishes was 97.7%. The proportion of soluble oxalate to total oxalate content 
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was reduced to 20% on the addition of paneer and the level effectively did not change when 
this dish was cooked as the proportion of soluble oxalates in the saak bhaji was 22.3%.  
4.4 Conclusions 
Spinach is known to contain high levels of total and soluble oxalates. Cooking in a wok does 
not allow any soluble oxalates to be leached out during cooking and discarded. During 
cooking in a wok only tap water is used to wash the leaves and this is quickly lost as steam. 
Cooking in a wok allows some reduction in soluble oxalates by combining with free calcium 
in the spinach leaf or possibly with the added spices. The greatest reduction in total and 
soluble oxalates occurs when paneer both dilutes the dish and provides further soluble 
calcium allowing conversion of more soluble oxalate into insoluble oxalate which is not 
absorbed in the digestive tract. Overall, palak dishes contain relatively high levels of oxalates 
and should be included in ‘Group 1’ as defined by Noonan & Savage (1999). This means 
cooked spinach dishes contain less utilisable calcium. In palak paneer 50 to 52% of the total 
calcium is not bound to oxalate while, in other dishes, the availability of calcium ranges from 
24 to 40%.    
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Chapter 5 Analysis of antioxidant activities of some Indian spices 
and cooked spinach  
 
5.1  Introduction 
In recent years, the safety issues associated with synthetic additives have increased interest in 
using natural substances and thus promoting more detailed studies on plant sources like spices 
and herbs. Several spices including turmeric, cumin, garlic, pepper, cinnamon, coriander and 
cardamom have been used for preserving foods because they are effective against 
microorganisms and fungi. Spices are also used in natural medicine because of their potential to 
reduce the incidences of diseases such as cardiovascular disease, diabetes, cancer and skin 
diseases (Gupta & Balasubrahmanyam, 1998; Arora & Kaur, 1999; Kitazuru et al., 2004; Prasad 
et al., 2004; Kamaleeswari et al., 2006; Kim et al., 2006; Su et al., 2007; Garg et al., 2008; 
Nicoll & Henein, 2009; Ping et al., 2010; Polovka & Suhaj, 2010; Yuliana et al., 2011). Most of 
the therapeutic activities reported for spices are attributed to the antioxidants present in them. 
Spices contain a number of phenolic compounds including flavonoids, which have antioxidant, 
anti-inflammatory, anti-mutagenic and anti-carcinogenic activities (Kitazuru et al., 2004; Prasad 
et al., 2004; Su et al., 2007).   
 
Evidence for therapeutic applications of spices used in the current study is illustrated by the 
following studies. The juice of fresh rhizome of turmeric is used as an anti-parasitic for skin 
infections and also in treating colds when consumed with warm milk (Gupta & 
Balasubrahmanyam, 1998). Studies have shown cinnamon (Cinnamon cassiae) extracts to be 
effective in Type 2 diabetes by decreasing blood glucose concentration in a dose dependant 
manner and in increasing high density lipoprotein and decreasing low density lipoprotein and 
thus reducing the risk of cardiovascular disease (Kim et al., 2006). Ginger has the ability to 
inhibit the synthesis of several pro-inflammatory cytokines including interleukin-1, interferon-α 
and interleukin-8 and may be a promising therapeutic approach for treating allergies (Ahui et al., 
2008). These effects are attributed to their chemical composition, which is greatly influenced by 
factors such as geographical origin and environmental and agronomic conditions (Piccaglia et al., 
1993).  
 
Green leafy vegetables are good sources of many nutrients including minerals and vitamins. 
Studies on green leafy vegetables have shown protective effects including anti-diabetic, anti-
histaminic, anti-carcinogenic and anti-bacterial activities. Again these beneficial effects are 
attributed to bioactive phytochemicals including antioxidants such as flavonoids, flavones, 
isoflavones, lignans, catechins and isocatechins (Murcia et al., 2009; Subhasree et al., 2009).  
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Spinach (Spinacia oleracea L.) is considered to be a rich source of polyphenolics and 
carotenoids. Grossman et al., (1994) and Bergman et al., (2001) reported the presence of a series 
of powerful water soluble natural antioxidant in spinach leaves and identified a few of them, such 
as isomers and derivatives of p-coumaric acid. 
 
Since the beneficial effects of vegetables and spices are from the phytonutrient contents it is 
important to study the composition or activity of these compounds in food. Since these foods are 
mostly cooked before eating and databases tend to report information for raw food it is important 
to look at the effects of cooking on these activities. A limited number of papers (Gayathri et al., 
2004; Wachtel-Galor et al., 2008; Thomas et al., 2010) have reported the effect of cooking on the 
antioxidant activities of vegetables and spinach in particular. Most dietary leafy vegetables are 
eaten cooked but, to date, the effects of cooking and comparison of cooking methods on 
antioxidant activities of cooked foods have not been well studied. Wachtel-Galor et al., (2008) 
reported that boiling and microwaving can reduce the antioxidant activity of vegetables (e.g., 
cabbage, broccoli, and cauliflower) by 39-70% when analysed by a ferric reducing antioxidant 
power assay. Zhang & Hamauzu, (2004) found that antioxidants in broccoli flowers and stems 
were decreased by thermal processing using conventional methods and microwave heating. 
Ismail et al., (2004) also found that thermal treatment decreased the total phenolic contents in 
vegetables such as spinach, cabbage and kale.  
 
Cooking conditions such as temperature and time and the addition of other ingredients such as 
spices and paneer may have both beneficial and detrimental effects on the overall antioxidant 
activities of vegetables. There are a few reports (Sánchez-González et al., 2005; Dupas et al., 
2006; Ryan & Petit, 2010) demonstrating that adding milk to tea and coffee reduced the 
antioxidant activity of these beverages, but there appears to be no studies on the effect of milk or 
milk products on the antioxidant activities of cooked vegetables.  
 
Therefore, the objectives of this chapter were (a) to determine the antioxidant activity of six 
commonly used Indian spices by means of oxygen radical absorption capacity (ORAC) assay, (b) 
to analyse the effects of adding spices and paneer on the antioxidant content of cooked spinach 
dishes and (c) to analyse the effects of Indian cooking methods on antioxidant activity of spinach. 
The results from this study will provide useful information of the antioxidant activity of the most 
commonly consumed Indian spices and traditional Indian spinach dishes.   
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5.2.  Method and materials 
5.2.1 Food ingredients collection 
Six different Indian spices, cinnamon, Malabathrum leaf, cumin, caraway seeds, turmeric 
powder,  ginger, paneer, whole bunches of spinach, ionised table salt and vegetable oil were 
purchased as described in Chapter 4 (4.2.1).   
5.2.2 Preparation of cooked spinach dishes  
The four Indian spinach-based dishes prepared were palak, plain palak saak, palak saak with 
ginger and palak paneer. These spinach dishes were cooked as described in Chapter 4 (4.2.2) 
with table salt, vegetable oil, cumin seeds, turmeric powder, ginger, Malabathrum leaf, 
cinnamon and paneer (a milk product) according to the recipes summarised in Table 4.1. 
Samples were collected at three different stages: raw, boiled saak (cooked for 15 minutes) and 
saak bhaji (cooked for 25 minutes). All samples were freeze dried and finely ground before 
analysis. 
5.2.3 Sample extraction 
Triplicate samples of powdered spices and spinach dishes (0.5-1 g) were extracted with acetone/ 
water/acetic acid (10 mL, 70:29.5:0.5) according to the method described by Isabelle et al., 
(2010). After the addition of solvent, the tubes were vortexed for 30s, followed by sonication at 
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C for 10 minutes with occasional shaking. The tubes were then centrifuged at 2330 g 
(4000KUBOTA, 520W, Japan) for 15 minutes and the supernatants were diluted to 25 mL with 
the extraction solvent.  
 
5.2.4 Oxygen radical absorbance capacity assay 
The ORAC-fluorescein assay was performed as described by Boivin et al., (2009), with minor 
modifications. Briefly, 25µL of sample (spice/cooked spinach) extracts or trolox [(±)-6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid, Aldrich] standards (0-200 µM) and 25 µL of 10 
nM fluorescein (Fluorescein sodium salt, Sigma-Aldrich) in 150 mM phosphate buffer (pH 7.4) 
were pipetted into a Greiner 96-well flat bottom microplate and pre-incubated for 30 min at 37
0
C. 
Twenty five µL of AAPH (2,2'-azobis-2-methyl-propanimidamide dihydrochloride, Sigma-
Aldrich) was added to each well. Fluorescence (excitation 495 nm, emission 515 nm) was 
recorded every minute for 90 minutes using HITACHI AS-4000 Spectra-Physics Intelligent Auto 
Sampler (Molecular Devices). Data were analysed using MARS software and trolox standards to 
construct calibration curves of area under curve (AUC) verses concentration. The AUC was 
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calculated by subtracting the AUC in the absence of antioxidant from the AUC in the presence of 
antioxidant. ORAC values were expressed as µmol trolox equivalents (TE) per gram dry matter.   
5.2.5 Calculation of standard serving size 
The 250 mL of cooked palak, plain palak saak, palak saak with ginger weighed 260 ± 3 g/cup, 
and palak paneer weighed 255 ± 2 g/cup. The measurement was carried out as described in 
Chapter 4 (4.2.7). 
5.2.6 Statistical analysis 
The statistical analysis was performed as described in Chapter 4 (4.2.8).   
5.3  Results and Discussion 
5.3.1 Antioxidant activities of selected Indian spices as measured by ORAC 
The oxygen radical absorption capacity (ORAC) assay is a widely used standardised method for 
investigating antioxidant activity of foods. The ORAC assay measures inhibition of the peroxyl 
radical, which is a radical found in biological systems. It also uses area under the curve to 
combine degree of inhibition and differences in time of inhibition. In the present investigation, 
ORAC values were determined for the extracts of caraway, cinnamon, cumin, ginger, 
Malabathrum leaf and turmeric powder. The antioxidant activities of spices are presented in 
Table 5.1 (raw data are in Appendix 9). All the spice extracts tested exhibited strong antioxidant 
activity with ORAC values ranging of 469 to 794 µmol TE/g DM. Among the spices, turmeric 
powder showed the highest ORAC value of 794 µmol TE/g followed by ginger (651 µmol 
TE/g)> cumin (650 µmol TE/g)> cinnamon (649 µmol TE/g)> Malabathrum leaf (593 µmol 
TE/g)> caraway (469 µmol TE/g).  
 
 
 
 
 
 
 
 
 
 
 
Table 5.1: Antioxidant activity (µmol TE/g DM ± SE) of selected Indian spices  as 
measured by ORAC 
Spices Antioxidant activity 
Caraway (Carum carvi) 469 ± 8 
Cinnamon (Cinnamomum zelanicum) 649 ± 3 
Cumin (Cuminum cyminum) 650 ± 6  
Ginger (Zingibero fficinale) 651 ± 1 
Malabathrum leaf (Cinnamomum tamala) 593 ± 6 
Turmeric powder (Curcuma domestica) 794 ± 6 
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Spices are considered to contain many nutrients including antioxidants. Su et al., (2007) studied 
the antioxidant activities of some herbs and spices including oregano leaf, rosehip, nutmeg, 
cinnamon and black peppercorn using an ORAC assay; the results ranged from 363 to 1256 µmol 
TE/g. The antioxidant activities of Indian spices in the current study are in the range reported by 
Su et al., (2007). However, the antioxidant activity of cinnamon found by Su et al., (2007) was 
two times higher than the value found in this current study. This difference may be attributed to 
the different cultivars, regions, climates and solvents used for extraction in these studies. Zhao et 
al., (2006) showed that the estimation of antioxidant activities of food products was 
predominantly influenced by the solvent extraction method.    
 
The ORAC values for the medicinal and culinary herbs determined by Zheng & Wang, (2001) 
ranged from 1.88 to 22.30 µmol TE/g and 2.35 to 92.18 µmol of TE/g of fresh weight, 
respectively. One of the culinary herbs was caraway, which showed an antioxidant activity of 
10.65 ± 0.29 µmol TE/g of fresh weight (Appendix 10). In the present study the antioxidant 
activity of caraway was 469 µmol TE/g DM; if converted to fresh weight, it would be 417 µmol 
TE/g FW, which is 38 times higher than the value reported by Zheng & Wang, (2001). In a very 
recent study Oboh et al., (2010) found that the antioxidant activity of white ginger was 61.69 ± 
9.12 mg gallic acid/100 g. In this present study the unit used to express the antioxidant activity 
was trolox equivalents and, therefore, direct comparison between these two results is difficult.  
 
Capecka et al., (2005), Mata et al., (2007) and Kong et al., (2010) used 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and Folin-Ciocalteu assays to measure the antioxidant activities of 
several spices such as oregano, clove, nutmeg, fennel (Appendix 10). Again, comparison of their 
results with the current study is difficult. Different assays, different extraction methods and 
different standards (TE, GA) used for reporting the results make it difficult to compare 
antioxidant activities between studies even for the same food product. This supports the need for 
the development of a standardised assay, which is currently the ORAC assay used here. Most 
foods contain a mixture of compounds, which can be in the free form as well as bound to other 
macromolecules. Like other food products, spices are made of complex structures, where 
individual antioxidant molecules may be present in different forms and can be either completely 
soluble or insoluble in the extraction solvents. Therefore, there is no unique solvent or mixture of 
solvents available that can solubilise all antioxidant compounds embedded in a specific food 
microstructure. The antioxidant activity depends not only on the quality of the original plant but 
also on the geographical and environmental factors, climatic condition, harvesting date and 
storage. To my knowledge this is the first report of the antioxidant activities of cumin, ginger, 
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Malabathrum leaf and turmeric using the ORAC assay. The antioxidant activity of Malabathrum 
leaf has not previously been reported.  
 
5.3.2 Antioxidant activities of spinach dishes cooked in Indian style 
 
The antioxidant activities per gram of dry matter of spinach dishes are presented in Table 5.2 
(raw data are in Appendix 11). Results in Table 5.2 illustrate that among the raw samples, plain 
palak saak contains the highest antioxidant activity (163 µmol TE/g DM) in comparison to the 
other samples. In contrast, palak paneer, which was prepared using paneer, contained 
significantly lower antioxidant activity (49 µmol TE/g DM). Antioxidant activity was 
significantly (p<0.001) different between the dishes. Combination of ingredients had a significant 
effect (p<0.001) on the antioxidant activity of spinach dishes. Cooking treatment had no 
significant effect (p>0.05) on antioxidant activities. 
Song et al., (2010) reported the total antioxidant activity of fresh spinach with ORAC value of 
26.05 µmol TE/g FW, which corresponds to 260.5 µmol TE/g DM (considering 10% dry matter). 
In the present study, the raw spinach showed antioxidant activities with ORAC values of 149 
µmol TE/g DM. This was lower than the ORAC value of fresh spinach reported by Song et al., 
(2010) and the range of 190-235 µmol TE/g DM reported for spinach by Zhou & Yu, (2006) but 
fell within the range of 103-243 µmol TE/g DM reported for spinach by Ou et al., (2002). The 
value was greater than the 129 µmol TE/g DM previously observed by Cao et al., (1996). All the 
Table 5.2: Antioxidant activities (µmol TE/g DM ± SE) of the four palak dishes analysed  
raw or wok fried for 15 minutes (boiled saak) or 25 minutes (saak bhaji) measured by 
ORAC 
 
Dish Raw  Boiled saak  
 
Saak bhaji 
 
Palak 149 ± 22
 
142 ± 11
 
136 ± 17
 
Plain palak saak 163 ± 22
 
134 ± 22
 
118 ± 15
 
Palak saak with ginger 106 ± 15
 
104 ± 2
 
108 ± 6
 
Palak paneer 
 
 49 ± 1
 
 45 ± 2
 
 30 ± 5 
 
 
Analysis of variation 
Cooking treatment                              
Dish 
Dish × cooking treatment                                               
 
d.f.                                    
2                                                     
3 
6
 
Antioxidant activity       l.s.d. (5% level) 
NS                     20.67 
***                                      23.87 
NS                                       41.34 
*** 
Significant <0.001, ** p < 0.01, * p < 0.05, NS=Not significant (P>0.05) 
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samples in the present research were freeze dried before measuring the level of antioxidant 
activity. This may have resulted in a reduction in antioxidant activity.  
 
Isabelle et al. (2010) investigated 66 vegetables commonly consumed in Singapore (e.g., 
matrimony vine, Chinese kale, coriander, spinach and red chilli) for their antioxidant activities:  
H-ORAC, total phenolic content (TPC), ascorbic acid (AA) and lipophilic antioxidants. They 
reported that the intensely coloured vegetables (e.g. dark green leafy and brightly coloured 
varieties) typically showed high H-ORAC, TPC, AA and carotenoid contents. In general, all 
leafy vegetables showed antioxidant activity higher than 8.3 µmol TE/g FW. The antioxidant 
activity of vegetables depended on the cultivar, maturity level and growing conditions such as 
location, soil state, climate and agricultural practices. As a result, there can be a large variation in 
antioxidant content within the same vegetable. In the same study, spinach (Spinacea oleracea L.) 
showed H-ORAC activity of 16 µmol TE/g FW (Isabelle et al., 2010), which is similar to the 
antioxidant activity of raw spinach (149 µmol TE/g DM or 14.9 µmol TE/g FW) in the current 
study. As in the current study, Isabelle et al., (2010) also freeze dried and stored their samples 
before analysis of antioxidant activities.  
 
Based on the individual antioxidant activity of raw spinach and spices with no interaction 
between antioxidants, a theoretical calculation showed that both raw plain palak saak and palak 
saak with ginger should contain the same antioxidant level of 176 µmol TE/g DM. The 
experimental value of raw plain palak saak is similar to this theoretical value and shows not 
entirely additive effects of antioxidant activities. However, when Malabathrum leaf was replaced 
by ginger powder in the palak saak with ginger, the measured antioxidant activity decreased, 
despite the fact that the theoretical activity should be the same. Interactions between antioxidants 
can be complex with activities potentially showing straight forward addition of activity or 
synergistic interactions where antioxidants work together for greater effect or inhibition. 
Antioxidants can also act as pro-oxidants and this may be happening in this combination. 
Moreover, different food matrices may have unpredictable consequences on the overall 
antioxidant properties.  
Generally, in a mixture of food ingredients, redox reactions are likely to occur between different 
natural antioxidants and oxidation products. Also, as a consequence when vegetables are 
processed, a significant loss of antioxidants may occur due to heat degradation, leaching during 
sterilisation/washing as well as during storage. Vitamin C and phenolics are susceptible to loss 
during processing, whereas carotenoids are more stable and may even increase during appropriate 
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storage. Besides nutrient loss, vegetables may undergo other chemical changes such as Maillard 
reactions during thermal treatments and these products have antioxidant activity (Ismail et al., 
2004; Zhang & Hamauzu, 2004; Murcia et al., 2009).  
Among the four boiled saak dishes that were cooked for 15 minutes, the antioxidant activity was 
highest in the palak (142 µmol TE/g DM) followed by plain palak saak (134 µmol TE/g DM), 
palak saak with ginger (104 µmol TE/g DM) and palak paneer (45 µmol TE/g DM). When the 
cooking finished after 25 minutes palak showed the highest antioxidant level (136 µmol TE/g 
DM) compared to other samples, while the order of ranking for antioxidant activity was 
maintained. In general, the antioxidant contents of the spinach samples tended to decrease with 
increased cooking time using wok cooking although the difference was not significant (P>0.05). 
Ismail et al. (2004) and Amin et al. (2006) both showed significant decreases in antioxidant 
activity when spinach was boiled. Using bleached  carotene, Ismail et al., (2004) noted this 
decrease after just one minute of boiling in water while Amin et al. (2006) blanched the spinach 
for 15 minutes and used both bleaching  carotene and DPPH radical scavenging assays. In 
contrast, Turkmen et al. (2005) showed an increase in the DPPH radical scavenging activity of 
boiled, steamed or microwaved spinach while antioxidant levels in other vegetables were either 
the same or increased by cooking. Chuah et al. (2008) suggested that stir frying was preferable to 
boiling in water for retaining antioxidant activity when cooking peppers. The current study 
suggests that wok cooking in an Indian style maintains the antioxidant content of spinach, 
perhaps because additional water is not added during steaming and the water is evaporated not 
discarded. 
Palak paneer, which contains paneer (milk product), showed a significantly lower level of 
antioxidant activity than other dishes during the cooking process. In the present investigation, the 
total antioxidants of palak paneer decreased by 67 to 78% on addition of paneer (Table 5.2). The 
antioxidant activity was further reduced with the longer cooking time (e.g. 25 minutes cooking). 
This was also shown in the palak saak and plain palak saak dishes. Addition of milk has been 
shown to have a detrimental effect on the total antioxidant activities of food products (Sánchez-
González et al., 2005; Dupas et al., 2006). Milk predominantly contains casein proteins, which 
bind phenolic residues of antioxidant compounds. It is assumed that the polar pendant groups 
(e.g. amino group of lysine and/or carboxylic acid group of aspartic or glutamic acids) of casein 
proteins chemically interact through hydrogen and/or covalent bonding with the polar group of 
antioxidants. This hinders the antioxidant power and, consequently, impairs the health benefits 
(Dupas et al., 2006). It is reported that in-vitro antioxidant activity of coffee can decrease by 40-
95% depending on the amount of milk added to the coffee (Sánchez-González et al., 2005; Dupas 
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et al., 2006). Hydroxycinnamic derivatives and their hydrolysed forms, such as caffeic acid, are 
likely to interact with milk proteins. Similarly, milk reduces the antioxidant activities of tea 
extracts by binding with catechins (Dupas et al., 2006).  
In the present study, the lower level of antioxidants in palak paneer is mostly due to the dilution 
effect. When preparing palak paneer, 200 g paneer (i.e. 140 g DM) was added with 500 g of fresh 
spinach (i.e. 50 g DM). This corresponds to a dry matter ratio of spinach to paneer in palak 
paneer of 5:14. A theoretical calculation of combined antioxidant activity from spinach and 
spices (taking into account dilution by paneer), showed that in palak paneer, the spinach and 
spices contributed 49, 45 and 30 µmol TE/g DM antioxidant activity in raw, boiled and saak 
bhaji, respectively. These theoretical results are surprisingly similar to the experimental values 
indicating that the dilution factor was completely responsible for the reduction of total 
antioxidant activity in palak paneer.    
Table 5.3: Antioxidant activity (mmol TE/serving size ± SE) of the four palak dishes analysed 
wok fried for 15 minutes (boiled saak) or 25 minutes (saak bhaji) measured by ORAC 
 
Dish Boiled saak Saak bhaji 
 
Palak 
 
4.44 ± 0.33 17.64 ± 1.50 
Plain palak saak 
 
4.19 ± 0.69 15.34 ± 0.84 
Palak saak with ginger 
 
3.24 ± 0.05 14.08 ± 0.75 
Palak paneer 3.21 ± 0.11 
 
2.91 ± 0.48 
 
Analysis of variation 
 
d.f. 
 
Antioxidant activity/serve 
 
l.s.d (5% Level) 
 
Cooking treatment 1 *** 1.704  
Dish 3 *** 2.410  
Dish × Cooking treatment 3 *** 3.409  
Significance: *** p < 0.001, ** p < 0.01, * p < 0.05, NS = not significant (P > 0.05) 
The antioxidant activities of cooked spinach dishes are presented in Table 5.3 based on serving 
size (255 g for palak paneer and 260 g for the other dishes). Both boiled palak and plain palak 
saak supplied similar antioxidant activities per serving, followed by palak saak with ginger and 
palak paneer. While the addition of paneer may be beneficial from a protein, oxalate and calcium 
perspective, it diminishes the antioxidants gained from a serving of this dish; as paneer holds 
water increasing the moisture content of the dish and a large portion of the dish contained paneer. 
Statistical analysis showed that antioxidant activities between dishes and different cooking 
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treatments were significantly different (p< 0.001). One serving of cooked spinach was found to 
provide antioxidant activities in the range of 2.91 to 17.64 mmol TE. Significantly, the high 
antioxidant activities of saak bhaji (except for palak paneer) are attributed to the increased dry 
matter content (i.e. 12 and 50% DM in boiled saak and saak bhaji, respectively). This indicates 
that when people consume saak bhaji the antioxidant intake is about four times higher in 
comparison to boiled saak. Using a ferric reducing antioxidant power assay, Wachtel-Galor et al., 
(2008) showed that ten minutes steaming and boiling can increase the antioxidant activity of 
cooked vegetables (e.g. cauliflower and broccoli by about three and two times, respectively) and 
this was attributed to an increase in DM.  
5.4 Conclusions 
The selected spices all exhibited strong ORAC with values in the range of 469 to 794 µmol TE/g 
DM. The ORAC value of raw spinach (freeze dried) was 149 µmol TE/g DM. When combined, 
antioxidants in the spices and spinach showed additive or inhibitory effects on the hydrophilic 
antioxidant activities of the spinach dishes, depending on the choice of spices. When expressed 
on a dry matter basis, plain palak saak contains the highest antioxidant activity (163 µmol TE/g 
DM) among the raw samples. Palak and plain palak saak have shown higher antioxidant activities 
among cooked spinach dishes on dry matter basis. Palak paneer, which was prepared using 
paneer, contained significantly lower antioxidant activity (49 µmol TE/g DM). This study 
reported that the addition of a milk product like paneer did not reduce the antioxidant activity of 
spinach, a leafy vegetable, whether it was cooked or uncooked, but diluted the antioxidant 
activity of the vegetable in the resulting dish. This results in a serving of palak paneer providing 
less antioxidant to the diet. The combination of ingredients has shown a significant effect 
(p<0.001) on the antioxidant activity of spinach dishes based on their dry matter. Although, the 
antioxidant activity of the spinach samples tended to decrease with longer cooking time, the 
difference was not significant.  
 
When based on serving size, saak bhaji (except for palak paneer) provided about four times 
higher antioxidant activity per serving than boiled saak due to the increase in dry matter content 
(i.e. 12 and 50% DM in boiled saak and saak bhaji, respectively).   
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6.0 General discussion 
 
High consumption of oxalate rich foods can lead to secondary hyperoxaluria, a major risk factor 
for calcium oxalate stone formation, and even acute renal failure in the case of excessive dietary 
oxalate intake. Published nutritional values show that spinach is a rich source of vitamins, 
antioxidants, iron, calcium and many other nutrients (Murcia et al., 2009; Subhasree et al., 2009; 
Isabelle et al., 2010; Song et al., 2010) but also contains appreciable levels of oxalate, an anti-
nutritive component (Savage et al., 2000; Morrison & Savage, 2003; Siener et al., 2006; Savage 
& Mårtensson, 2010). European cooking processes, such as baking, boiling and steaming can 
change the nutritional and anti-nutritional properties of spinach. Steaming is the best way to 
retain the nutritional and antioxidant properties, while boiling is the best way to reduce oxalates. 
In India, vegetables are cooked with the addition of spices, oil and other ingredients in a wok, 
boiled with a lid on, followed by frying to evaporate the moisture content. Both boiled and fried 
vegetables are eaten depending on local palates. In India, it is believed that leafy vegetables 
cooked in this way are good for health and in some parts of India these are consumed on a daily 
basis. There appears to be no data available on the effects of authentic Indian cooking on 
nutritional and anti-nutritional properties of leafy vegetables like spinach.  
 
When spinach dishes were cooked in a wok with the addition of spices and paneer the results 
indicated that Indian style cooking can reduce the soluble oxalate contents of spinach by up to 
91% and increase the insoluble oxalate by up to 104%, based on cooking time and ingredients 
used. These changes in the oxalate content of spinach dishes could be attributed to the presence 
of high levels of minerals (e.g. Ca, Fe, Mg) in the blends of spinach and spices or paneer, which 
can bind to free or soluble oxalic acid in spinach to form insoluble oxalates. As defined by 
Noonan & Savage (1999) palak dishes should be included in ‘Group 1’ due to their high oxalate 
levels. Previous studies (Albihn & Savage 2001; Brogren & Savage 2003; Oscarsson & Savage, 
2007; Savage & Mårtensson, 2010) reported that the addition of extra calcium sources (e.g. milk, 
yoghurt, coconut milk and sour cream) can reduce the level of soluble oxalates in foods through 
binding with calcium. As expected, in the palak paneer, the paneer (milk product) dramatically 
reduced the soluble oxalate contents (82-91%) and increased the insoluble oxalate contents (39-
104%). The reduction in soluble oxalate content was partly due to the dilution effect. However, 
people who consume cooked spinach need to remember that the oxalate still exists in the food but 
in a different form because wok cooking does not allow any soluble oxalates to be leached out. It 
would be a healthier to discard the water from the boiled vegetables. This may facilitate the 
reduction of oxalate levels in the cooked dishes and pose less threat to human health.  
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In India, spices are part of traditional cooking and most vegetable dishes are prepared with the 
addition of several spices to each dish. Although the main idea of adding the spices is to achieve 
certain flavours or colours spices are also good sources of minerals (Fe, Ca, Mg) and 
antioxidants, thus providing various beneficial effects on health. The spices in the present study 
were analysed for their antioxidant activities using ORAC. The results showed that spices contain 
high ORAC activities (469 to 794 µmol TE/g DM) (Table 5.3). The antioxidant activities in 
spices may vary depending on the cultivar, environmental conditions, solvent extraction methods 
and the use of different assays. In contrast to the potentially beneficial effect of antioxidant 
activities, spices found to contain the anti-nutritive compounds oxalates. The oxalate contents of 
spices ranged from 41 mg soluble oxalate/100 g DM in nutmeg to 3977 mg soluble oxalate/100 g 
DM in cardamom (Table 3.2). Spices such as caraway, cinnamon and cumin were found to 
contain 93-100% of their oxalates in the insoluble form, whereas spices like turmeric, cardamom, 
ginger and Malabathrum leaf contained most of their oxalates in the soluble form (57-91%) and 
so should be avoided by people with hyperoxaluria or a tendency to form kidney stones. 
However, the daily intakes of these spices are low compared to other oxalate containing leafy 
vegetables, as they are added to meals in relatively small amounts. Still, regular consumptions 
may comprise a risk to kidney stone formers.  
  
Among the prepared spinach dishes, palak contained the highest antioxidant capacity (136-
142 µM TE/g DM), while palak paneer prepared using paneer, contained a significantly lower 
antioxidant capacity (30-45 µM TE/g DM). The antioxidant capacities of the spinach dishes 
depended on the combination of spices added. Substitution of Malabathrum leaf with ginger 
decreased the antioxidant capacity of the dish even though ginger had higher antioxidant 
capacity than Malabathrum leaf. This indicated that in the palak saak with ginger dish pro-
oxidant interactions occurred in the food blends (spinach and spices). Different food matrices, 
such as aqueous and lipid phases may have unpredictable consequences on the overall 
antioxidant properties. The addition of milk products like paneer reduced the antioxidant 
activity (by 67-78%) of the spinach dish on a dry matter basis, but this was explained by the 
dilution effect. There are a few reports (Sánchez-González et al., 2005; Dupas et al., 2006; 
Ryan & Petit, 2010) that showed that the addition of milk can reduce the antioxidant activity 
of beverages like tea and coffee, but it was not clear whether it was due to the dilution effect 
or the interaction of the antioxidants with the protein or other components of the milk. More 
studies need to be carried out before coming to a conclusion about whether the addition of 
milk or milk products in foods and beverages decreases the antioxidant activity of the dish or 
just dilutes it. Antioxidant activity tended to decrease with longer cooking time but this effect 
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was not statistically significant. For example, the mean ORAC values of plain palak saak 
were in the range of 96-172 µM TE/g DM and 92-144 µM TE/g DM after cooking for 15 and 
25 minutes, respectfully. 
The findings of the current study are very important from a consumer’s point of view, 
because, without adequate knowledge dietary guidelines cannot be established. Spinach 
dishes, cooked in Indian style are believed to have health benefits for consumers; this appears 
true from antioxidant activities point of view. All saak bhaji dishes (except palak paneer) 
were found to provide extremely high level of antioxidant activity per serve. However, the 
levels of oxalates found in a serve of saak bhaji dishes were significantly higher too, making 
them not so good for people with certain health issues like hyperoxaluria and kidney stones, 
and thus, regular consumption could increase their risk of disease.  
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8.0 Appendices 
 
Appendix 1: Data from the literature on oxalates in various spinach varieties (table continues 
on the following page) 
Description Total oxalate, 
mg/100 g FW 
Soluble oxalate, 
mg/100 g FW 
Resources 
Indian spinach leaves, raw 12576 11700 Savage & Mårtensson, 
2010 
Spinach - summer cultivar 
 
Spinach – autumn cultivar 
740 
 
560 
- 
 
- 
Morrison & Savage, 2003 
NZ spinach (Tetragonia expansia),  
raw 
 
NZ spinach, raw 
506 
 
 
506 
513 
 
 
729 
Jaworska, 2005b 
NZ spinach, raw 
 
Pig spinach (Chenopodium spp.), 
Raw 
Spinach (Spinacea oleracia), raw 
890 
 
110 
 
970 
- 
 
- 
 
- 
Noonan & Savage, 1999 
NZ spinach, raw 
 
NZ spinach, boiled 
 
Spinach, raw 
 
Spinach, boiled 
1765 
 
1323 
 
330 
 
155 
365 
 
129 
 
266 
 
91 
Savage et al., 2000 
Spinach, raw 1959 1029 Siener et al., 2006 
Spinach, boiled 
 
Spinach, boiled with cream 
364 
 
412 
101 
 
123 
Hönow & Hasse, 2002 
Spinach, raw- autumn grown 
 
Spinach, raw- summer grown 
 
Spinach, raw- spring grown 
 
Spinach, raw- winter grown 
615 
 
753 
 
890 
 
1093 
- 
 
- 
 
- 
 
- 
Kaminishi & Kita, 2006 
Spinach, raw 1280 - Kawazu et al., 2003 
Spinach, raw 737 220 Brogren & Savage, 2003 
Spinach, raw 
 
Spinach leaves only, raw 
 
Spinach stems only, raw 
- 
 
- 
 
360 
543 
 
583 
 
159 
Santamaria et al., 1999 
Spinach leaves only, raw 
 
Spinach stems only, raw 
700 
 
105 
- 
 
- 
Elia et al., 1998 
Fresh spinach leaves 
 
Frozen spinach 
152 
 
78-98 
 Merusi et al., 2010 
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Appendix 2: The raw oxalate data for the spices used in this study, where Samples 1, 2, 3, 4, 5, 
6, 7, 8, 9 and 10 represent cinnamon, Malabathrum leaf, cumin, caraway, turmeric powder, 
ginger, nutmeg, cardamom, big cardamom and curry leaf 
 
 
Spices Replicates 
Total oxalate 
mg/100 g DW 
Soluble oxalate 
mg/100 g DW 
Insoluble oxalate 
mg/100 g DW 
1 1 3100 0 3100 
1 2 3602 0 3602 
1 3 3677 0 3677 
2 1 2813 1864 949 
2 2 2837 1582 1255 
2 3 2582 1429 1153 
3 1 1494 107 1387 
3 2 1615 114 1501 
3 3 1429 114 1315 
4 1 1096 46 1050 
4 2 843 42 801 
4 3 896 45 851 
5 1 1497 1864 367 
5 2 2133 1755 378 
5 3 2035 1767 268 
6 1 1498 1347 151 
6 2 1632 1372 260 
6 3 1456 1298 158 
7 1 219 38 181 
7 2 182 47 135 
7 3 180 39 141 
8 1 3785 3761 024 
8 2 4389 4339 050 
8 3 3867 3830  037 
9 1 2023 1152 871 
9 2 2088 1062 1026 
9 3 2055 1397 658 
10 1 1847 135 1712 
10 2 2007 103 1904 
10 3 2246 118 2128 
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Appendix 3: The raw oxalate data from the cooked samples, where method 1= palak, 2= plain 
palak saak, 3= palak saak with ginger, and 4= palak paneer; and replicates 1= raw, 2= boiled saak 
and 3= saak bhaji 
Method Replicates 
Total oxalate 
g/100 g DW 
Soluble oxalate  
g/100 g DW 
Insoluble oxalate 
g/100 g DW 
1 1 6.70 5.02 1.68 
1 1 7.79 7.47 0.32 
1 1 8.20 6.78 1.42 
1 2 6.07 5.43 0.64 
1 2 7.72 5.61 2.11 
1 2 6.66 4.75 1.91 
1 3 7.10 4.86 2.24 
1 3 6.99 5.29 1.70 
1 3 6.70 5.82 0.88 
2 1 5.85 4.17 1.68 
2 1 5.80 4.49 1.31 
2 1 5.22 3.79 1.43 
2 2 6.37 4.61 1.76 
2 2 6.89 4.44 2.45 
2 2 6.80 4.53 2.27 
2 3 6.38 4.68 1.70 
2 3 5.85 4.03 1.82 
2 3 7.19 4.14 3.05 
3 1 8.21 6.19 2.02 
3 1 7.92 6.32 1.60 
3 1 7.59 6.26 1.33 
3 2 8.00 6.31 1.69 
3 2 7.68 6.53 1.15 
3 2 7.96 6.74 1.22 
3 3 8.59 6.65 1.94 
3 3 7.79 5.49 2.30 
3 3 8.50 6.90 1.60 
4 1 2.67 0.50 2.17 
4 1 2.97 0.61 2.36 
4 1 3.05 0.62 2.43 
4 2 3.40 1.04 2.36 
4 2 3.05 0.79 2.26 
4 2 2.9 1.06 1.84 
4 3 3.18 0.81 2.28 
4 3 2.85 0.57 2.28 
4 3 3.52 0.74 2.78 
 
 
 
Appendix 4: Data from the literature on the oxalate contents (total, soluble and insoluble) in various leafy vegetables (table continues on the  
following page) 
 
Leafy vegetable Latin name Status Oxalate (g/100 g DM*)  % Soluble   
oxalate 
References  
Total  Soluble Insoluble 
Taro leave (Maori)  Raw 4.11 1.89 2.22 46 Savage & Mårtensson 2010 
 Baked 5.01 2.55 2.46 51 Savage & Mårtensson 2010 
 Baked with milk 3.34 1.46 1.88 44 Savage & Mårtensson 2010 
Taro leave (Japanese)  Raw 3.79 2.38 1.41 63 Savage & Mårtensson 2010 
 Baked 3.76 2.48 1.28 66 Savage & Mårtensson 2010 
 Baked with milk 2.68 1.29 1.39 48 Savage & Mårtensson 2010 
Taro leaves (Indian) C. esculenta Raw 5.14 1.29 3.84 25 Savage & Mårtensson 2010 
Spinach (Indian) Spinacia oleracea Raw 12.58 11.70 0.88 93 Savage & Mårtensson 2010 
Spinach, Poland Chenopodiaceae sp. Raw 8.73 5.19 3.54 59  
Jaworska 2005a Cooked 7.51 3.56 3.95 47 
Canned 12 month 6.98 2.58 4.40 37 
Frozen 12month 7.32 3.30 4.02 45 
New Zealand Spinach, Poland  Aizoaceae sp. Raw 9.62 7.74 1.88 80  
Jaworska 2005a Cooked 5.04 4.39 0.65 87 
Canned 12 month 7.11 5.180 1.93 73 
Frozen 12 month 4.69 4.20 0.49 90 
Spinach, Germany Spinacia oleracea Raw 19.59 10.290 9.300 53 Siener et al 2006 
Green amaranth leaves (Indian) Amaranthus viridis Raw 10.06 4.68 5.38 46 Savage & Mårtensson 2010 
Purple amaranth leaves (Indian) Amaranthus cruentus Raw 8.11 3.56 4.55 44 Savage & Mårtensson 2010 
Curry leaves (Indian) Murraya koengii Raw 2.78 ND ND ND Savage & Mårtensson 2010 
Onion stack (Indian) Allium cepa Raw 0.53 ND ND ND Savage & Mårtensson 2010 
Coriander Leaves (Indian)  Coriandrum sativum Raw 0.51 ND ND ND Savage & Mårtensson 2010 
Spinach leaves  Raw 12.58 11.70 ND 93 Savage & Mårtensson 2010 
Radish leaves (Indian) Raphanus sativus Raw 0.21 ND ND ND Savage & Mårtensson 2010 
Acacia pennata (Cha-om) 
 
Acacia pennata  Raw 0.92 0.63 0.29 68 Judprasong et al 2006 
Boiled 0.61 0.33 0.27 55 
Chinese convolvulus  Lpomoea reptans  Raw 3.00 0.30 2.70 13 Judprasong et al 2006 
Boiled 2.60 0.26 2.34 5 
Ivygourd Coccinia grandis  Raw 0.48 0.13 0.35 28 Judprasong et al 2006 
Boiled 0.32 0.07 0.25 21 
 
 
Kale, Chinese Brassica oleracea Raw 0.28 ND ND ND Judprasong et al 2006 
Boiled 0.107 ND ND ND 
Melocia corchorifolia, Nigeria    Melocia corchorifolia   Raw 0.59 0.22 0.37 37 Hassan et al 2011 
Odu, Nigeria  Solanium nigrum Raw 0.50 ND ND ND Lola 2009 
Boiled 0.40 ND ND ND 
Rorowo, Nigeria Solanecio biafrae  Raw 0.46 ND ND ND Lola 2009 
Boiled  0.36 ND ND ND 
Purslane, California  Portulaca oleraceae  Raw 2.39-6.23 ND ND ND Palaniswamy et al 2004 
Adachitkana, India Trianthema portulacastrum  Raw 10.80 6.10 4.70 56 Gupta et al 2005 
Annae, India Celosia argentea  Raw 7.42 4.68 2.74 63 Gupta et al 2005 
Balae, India Polygala erioptera  Raw 0.37 0.06 0.31 17 Gupta et al 2005 
Bagargunchi, India Boerhaavia diffusa Raw 6.98 2.35 4.64 34 Gupta et al 2005 
Brahmi leave, India Centella asiatica  Raw 0.39 0.13 0.26 33 Gupta et al 2005 
Doddipatre, India Coleus aromaticus  Raw 1.06 0.43 0.64 40 Gupta et al 2005 
Gurchi, India Digera arvensis  Raw 8.70 3.52 5.19 40 Gupta et al 2005 
Javanada , India Cocculus hirsutus  Raw 0.98 0.17 0.81 17 Gupta et al 2005 
Kanne, India Commelina benghalensis Raw 3.58 1.28         2.29 36 Gupta et al 2005 
Kilkeerae, India Amaranthus tricolor Raw 9.07 4.93 4.14 54 Gupta et al 2005 
Naribalae, India Gynandropsis pentaphylla Raw 0.18 0.09 0.09 50 Gupta et al 2005 
Pumpkin leaves, India Cucurbita maxima Raw 1.33 467 866 35 Gupta et al 2005 
Vayunarayani, India Delonix elata Raw 0.33 0.11 0.22 33 Gupta et al 2005 
Sorrel leaves, Germany  Rumex acetosa Raw  13.91 
 
2.58 11.33 19 Siener et al 2006 
Mangold leave, Germany Beta vulgaris Raw 
 
8.74 
 
3.27 5.47 37 Siener et al 2006 
*Considering dry matter in leafy vegetables is 10%. 
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Appendix 5: The raw data of ash, crude protein and fat content for the cooked samples, where   
method 1= palak, 2= plain palak saak, 3= palak saak with ginger, and 4= palak paneer; and 
replicates 1= raw, 2= boiled saak, and 3= saak bhaji 
 
 
 
  
   Method     Replicates      % Ash  % Crude Protein      % Fat 
1 1 20.17 29.56 4.22 
1 1 21.14 27.39 4.51 
1 1 19.90 28.64 4.51 
1 2 18.09 31.07 5.45 
1 2 18.70 31.97 5.42 
1 2 18.07 31.92 5.48 
1 3 18.50 31.42 5.23 
1 3 18.26 30.87 3.98 
1 3 17.75 31.51 5.26 
2 1 19.85 28.91 4.35 
2 1 20.38 28.71 4.12 
2 1 19.16 27.45 4.48 
2 2 15.93 25.48 14.29 
2 2 15.47 25.66 15.52 
2 2 16.29 25.63 14.93 
2 3 16.30 25.32 14.69 
2 3 16.06 26.07 15.21 
2 3 16.57 25.64 15.54 
3 1 19.09 25.12 4.45 
3 1 19.99 26.65 4.48 
3 1 19.06 27.38 4.20 
3 2 16.94 27.61 15.80 
3 2 17.06 26.67 16.18 
3 2 16.45 28.24 15.73 
3 3 16.53 27.38 15.94 
3 3 16.99 26.30 14.81 
3 3 17.05 27.57 15.41 
4 1 8.29 35.87 31.65 
4 1 8.41 34.85 32.15 
4 1 8.48 35.06 31.29 
4 2 8.43 34.84 33.99 
4 2 8.01 33.72 33.99 
4 2 8.94 33.90 33.20 
4 3 8.35 33.70 35.87 
4 3 7.94 33.96 35.39 
4 3 7.66 34.74 36.31 
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Appendix 6: Dry matter contents of palak dishes prepared in the Indian style   
Spinach Dishes Mean dry matter g/100 g WM ± SE 
 
 Raw Boiled saak Saak bhaji 
Palak 10.05 ± 0.35 12.35 ± 0.67 50.12 ± 2.30 
Plan palak saak 10.24 ± 0.74 12.13 ± 0.42 50.39 ± 1.70 
Palak saak with ginger 10.47 ± 0.55 12.00 ± 1.10 50.44 ± 1.25 
Palak paneer 27.17 ± 1.50 28.05 ± 3.12 38.79 ± 2.23 
Paneer  69.54 ± 2.17 ND ND 
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Appendix 7: The raw oxalate data of the cooked samples based on the serving sizes, where 
method 1= palak, 2= plain palak saak, 3= palak saak wit ginger and 4= palak paneer; and replicates 
1= boiled saak and 2= saak bhaji  
 
 
Appendix 8: The weight (g) of serving sizes of palak dishes prepared in the Indian style  
Spinach dishes Weight of 250 mL serving size ± SE 
 
 Boiled saak Saak bhaji 
Palak, 
Plain palak saak and 
Palak saak with ginger 
256, 254, 255 
256, 254, 253 
257, 253, 257  
257, 255, 254 
255, 256, 250 
258, 254, 258  
Palak paneer 263, 256, 262 262, 257, 260 
 
 
 
 
Method  Replicates  Soluble oxalate 
(g/serving) 
Insoluble oxalate 
(g/serving) 
Total 
Ca/serving 
Ca in insoluble 
oxalate/serving 
1 1 1.69 0.20 0.29 0.06 
1 1 1.75 0.66 0.32 0.21 
1 1 1.48 0.60 0.33 0.19 
1 2 6.32 2.91 1.25 0.91 
1 2 6.88 2.21 1.31 0.69 
1 2 7.57 1.14 1.36 0.36 
2 1 1.44 0.55 0.29 0.17 
2 1 1.39 0.76 0.28 0.24 
2 1 1.41 0.71 0.28 0.22 
2 2 6.08 2.21 1.20 0.69 
2 2 5.24 2.37 1.30 0.74 
2 2 5.38 3.97 1.31 1.24 
3 1 1.97 0.53 0.25 0.16 
3 1 2.04 0.36 0.21 0.11 
3 1 2.10 0.38 0.30 0.12 
3 2 8.55 2.61 1.24 0.82 
3 2 7.09 3.04 1.29 0.95 
3 2 8.45 2.60 1.35 0.81 
4 1 0.74 1.69 0.71 0.53 
4 1 0.56 1.61 0.74 0.50 
4 1 0.76 1.31 0.70 0.41 
4 2 0.78 2.30 0.98 0.72 
4 2 0.55 2.21 0.96 0.69 
4 2 0.72 2.69 1.02 0.84 
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Appendix 9: The raw antioxidant activity (µmol TE /g DW) data for the spices, where  
 sample 1= cinnamon, 2 = Malabathrum leaf, 3 = cumin, 4 = caraway, 5 = turmeric and  
6 = ginger.  
 
 Samples Replicates Antioxidant activity 
1 1 644.81 
1 2 654.01 
1 3 647.75 
2 1 583.56 
2 2 603.72 
2 3 591.00 
3 1 660.03 
3 2 649.26 
3 3 639.12 
4 1 455.18 
4 2 483.47 
4 3 468.05 
5 1 802.17 
5 2 782.56 
5 3 798.00 
6 1 652.75 
6 2 648.06 
6 3 651.63 
  
Appendix 10: Data from the literature on the antioxidant activities of different spices and herbs (table continues on the following page) 
 
Spices/ Herbs Condition of  
sample 
Extraction  Method and/or Unit Level of 
Antioxidant 
Reference 
Nutmeg 
 
Cinnamon 
Dried samples, as received 
from shops, may contain 
moisture 
50% acetone 
80% methanol 
 
 
ORAC; 
µmol TE/g botanicals 
 
398 ± 25.23  
1187 ± 8.74  
1256 ± 37.90 
1069 ± 5.47 
Su et al., 2007 
Caraway (Carum Carvi), 
Vietnamese coriander (Polygonum odoratum), 
Fennel (Foeniculum vulgare),  
Parsley (Petroselinum crispum), 
Lemon thyme (Thymus citriodorus), 
English lavender 
FW 
FW 
FW 
FW 
FW 
FW 
 
Homogenisation in 
phosphate buffer  
(pH 7), 
centrifugation 
 
ORAC 
µmol of TE/g of fresh weight 
 
10.65 ± 0.29 
22.30 ± 0.68 
5.88 ± 0.09 
11.03 ± 0.13 
13.28 ± 0.33 
16.20 ± 0.11 
Zheng & Wang, 2001 
parsley (Petroselinum crispum) 
laurel (Laurum nobilis) 
Dried samples, as received 
from shops, may contain 
moisture  
_ Inhibition of linoleic acid peroxidation; mg 
TE/g extract 
 
29.8 ± 1.03 
212 ± 8.80 
Hinneburg et al., 2006 
Peppermint, FW 
Peppermint, DW 
Oregano, FW 
Oregano, DW 
FW 
DW 
FW 
DW 
80% Acetone 2,2-diphenyl-1-picrylhydrazyl (DPPH); 
mg GA/100g 
 
 
1954  
2580 
1406 
2221 
Capecka et al., 2005 
Clove 
Rosemary 
Nutmeg 
Fennel 
Oregano (Foeniculum vulgare) 
Dried samples, as received 
from shops, may contain 
moisture 
95% (v/v) Ethanol  Folin–Ciocalteu procedure; 
 mg GA/g 
79.5 ± 1.2 
69.2 ± 1.2 
66.9 ± 1.1 
22.5 ± 1.0 
32.4 ± 1.2 
Kong et al., 2010 
Red ginger (Zingiber officinale var. Rubra) 
White ginger (Zingiber officinale Roscoe) 
FW 
FW 
_ - 
mg GA/100g 
95.34 ± 8.44 
61.89 ± 9.12 
Oboh et al., 2010 
Mint (Mentha spicata) 
Wild thyme (Thymus serpyllum) 
Fennel (Foeniculum vulgare) 
DW 
DW 
DW 
 
Ethanol extracts  
 
DPPH;  
IC50 µg/ml 
36.9 ± 0.1  
41.2 ± 0.1  
68.7 ± 0.1  
Mata et al., 2007 
Dried ginger (Zingiber officinale) 
Bay leaf (Laurus nobilis) 
Cinnamon (Cinnamomum zeylanicum) 
Fennel (Foeniculum vulgare) 
Cumin (Cuminum cyminum) 
Nutmeg (Myristica fragrans) 
Dried samples, as received 
from shops, may  
contain moisture 
 
 
Ethanol extracts  
 
Ultra performance liquid chromatography 
μmol TE/g  
 
75.66±1.15 
412.24±12.59 
525.85±27.65 
55.77±1.61 
57.41±2.73 
213.91±17.65 
Lu et al., 2011 
  
Dried chili pepper (Capsicum annuum) 
Mustard (Brassica nigra.) 
Curry powder 
 
41.92±1.86 
39.21±1.28 
63.68±0.99 
 
Turmeric (Curcuma longa L.) Dried samples, as  
received from shops,  
may contain moisture 
Ethanol  DPPH 
IC50 ( µg/mL ) 
 
10- 66.8 Thongchai et al., 
2009 
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Appendix 11: The raw data of the antioxidant (ORAC) activities (µM TE/g DM) of the cooked 
samples, where method 1= palak, 2= plain palak saak, 3= palak saak with ginger and 4= palak 
paneer 
Method Replicates Raw Boiled Saak Saak bhaji 
1 1 117 136 131 
1 2 139 128 108 
1 3 192 163 168 
2 1 208 178 147 
2 2 139 118 110 
2 3 143 107 97 
3 1 103 101 116 
3 2 133 107 97 
3 3 82 104 112 
4 1 47 46 29 
4 2 51 42 22 
4 3 50 47 39 
 
 
